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REPORT  ON  THE  IGY  OBLIQUE -INCIDENCE  SPORADIC-E 
AND  F -SCATTER  PROGRAM 


by 

J.  W-  Finney  and  E.  K.  Smith,  Jr. 

1 .   INTRODUCTION 

In  the  course  of  studying  sporadic  E  at  the  Central  Radio  Propaga- 
tion Laboratory,  strong  indications  were  found  that  a  large  longitude 
effect  existed  in  the  occurrence  of  sporadic  E  at  middle  northern  lati- 
tudes . 

The  first  of  these  indications  was  that  sporadic-E  field  strengths 
in  Japan  appeared  some  20  to  30  db  higher  than  those  observed  in  the 
United  States.   Subsequent  examination  of  data  from  the  worldwide  net- 
work of  ionosondes  using  long-term  averages  of  sporadic-E  occurrence 
with  critical  frequencies  above  5  megacycles  (fEs  >  5  Mc/s)  showed  that 
almost  twice  as  much  was  observed  in  the  Philippine -Okinawa  region  as  in 
the  corresponding  area  of  the  western  hemisphere  (Smith,  1957) • 

However,  vertical-incidence  ionosphere  sounders  are  not  calibrated 
for  total  system  loss  and  therefore  the  data  from  these  sources  cannot 
be  taken  as  homogenous.  Also,  the  oblique-incidence  field  strengths 
compared  were  for  different  years  and  obtained  with  different  types  of 
equipment.   Consequently,  the  effect  could  only  be  taken  as  suggestive 
rather  than  established. 

The  VHF  Oblique -Incidence  Sporadic-E  Measurements  program  was  there- 
fore undertaken  to  affirm  or  deny  the  existence  of  the  longitude  effect 
in  the  occurrence  of  sporadic  E. 

2.   EXPERIMENTAL  ARRANGEMENTS 

2.1  Circuit  locations 

Two  VHF  oblique-incidence  circuits  were  established,  one  in  the 
Far  East  from  Poro  Point,  Luzon,  Philippine  Islands,  to  Onna,  Okinawa, 
in  the  Ryukyu  Islands  and  the  other  in  the  Caribbean  area  from  Margarita, 
Panama.  Canal  Zone,  to  Guantanamo  Bay,  Cuba.   The  sites  in  the  Far  East 
were  located  at  existing  installations  of  the  United  States  Information 
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Agency,  in  the  Canal  Zone  at  the  National  Bureau  of  Standards  field 
station,  and  in  Cuba  at  the  United  States  Naval  Base.   Operation  and 
maintenance  of  the  equipment  was  performed  by  personnel  already  assigned 
to  these  stations. 

The  path  lengths  of  both  circuits  "were  approximately  800  miles  and 
continuous  wave  transmissions  at  about  50  Mc/s  were  beamed  in  a  northerly 
direction. 

2.2  Antennas 

All  antennas  used  in  the  experiment  were  horizontal  five-element 
Yagis  designed  for  operation  at  50  Mc/s.   They  were  erected  at  a  height 
such  that  the  maximum  of  the  first  lobe  of  the  overall  polar  diagram 
would  illuminate  the  E-region  at  the  path  midpoint.   This  required  a 
radiation  angle  of  about  7  ancL  to  insure  adequate  clearance  for  the 
upgoing  and  downcoming  skywave  the  maximum  elevation  of  any  obstruction 
on  the  radio  horizon  in  the  direction  of  interest  was  set  at  3  • 

Location  of  the  first  fresnel  zones  of  the  antennas  over  sea  water 
insures  proper  formation  of  the  vertical  lobe  pattern  (if  tidal  varia- 
tions are  small)  and  this  condition  was  realized  in  the  Philippines, 
Panama,  and  Cuba.   In  Okinawa,  however,  other  considerations  caused 
erection  of  the  antenna  at  a  location  which  placed  the  first  fresnel 
zone  over  land  of  doubtful  quality.   Later,  a  second  antenna  overlooking 
the  sea  was  installed  for  comparison.   However,  all  data  presented  here 
were  obtained  using  the  first  antenna. 

2.3  Transmitting  terminals 

The  transmitters  used  in  this  experiment  were  designed  by  W.  B. 
Harding  and  built  by  personnel  of  the  NBS  Central  Radio  Propagation 
Laboratory  specifically  for  fixed-frequency  2U-hour  continuous  wave 
transmissions.   They  were  capable  of  3  kw  output  but  an  output  of  only 
2  kw  was  maintained  during  these  tests.   Auxiliary  control  equipment 
was  provided  to  permit  essentially  unattended  operation.   This  included 
provisions  for  a  two-minute  break  in  transmissions  every  half -hour,  con- 
tinuous recording  of  forward  and  back  power,  and  automatic  shutoff  and 
alarm  devices  in  case  of  trouble.  The  recordings  of  power  were  not  cali- 
brated but  were  used  to  give  continuity  to  the  power  output  and  VSWR 
readings  which  were  taken  several  times  a  day. 

At  all  transmitting  stations  RG-17/U  coaxial  cable  was  employed  in 
the  transmission  lines  between  transmitter  and  antenna. 
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2.U  Receiving  terminals 

At  the  receiving  stations,  recordings  of  signal  and  noise  levels 
were  made  in  temperature  controlled  rooms  with  graphic  recorders,  in 
conjunction  with  NBS  laboratory  receivers  specifically  designed  by 
K-  L.  Bowles  and  P.  G.  Sulzer  for  this  type  of  measurement  at  a  fixed 
VHF  frequency.   These  are  double -conversion  superheterodyne  receivers 
which  are  crystal  controlled  for  a  frequency  stability  of  one  part  in 
10'.   They  have  a  dynamic  range  of  90  db  and  a  logarithmic  output 
(linear  in  decibels).   Paper  tape  recordings  were  made  with  a  time 
constant  of  12  seconds- 

Calibration  of  the  receivers  using  a  crystal  controlled  signal 
generator  together  with  a  stepped  attenuator  was  performed  once  or  twice 
daily  in  10  db  steps  from  -30  db  to  60  db  using  0  db  equals  one  micro- 
volt open  circuit  voltage  as  a  reference.   Approximately  once  a  week, 
noise  figure  and  VSWR  measurements  were  made. 

One-half  inch  coaxial  cable  with  loss  of  O.65  db  per  100  feet  at 
50  Mc/s  was  used  for  transmission  line  at  the  receiving  stations  except 
for  the  second  antenna  at  Onna,  which  being  1,300  feet  in  length,  was 
prohibitively  long  for  coaxial  cable.   In  this  instance,  a  four -wire 
quadrapole  line  of  #14  hard  drawn  solid  copper  wire  was  installed. 

2.5   Other  circuits 

In  addition  to  the  two  primary  circuits,  just  described,  two  asso- 
ciated circuits  were  also  established.   The  first  was  undertaken  as 
cooperative  effort  in  conjunction  with  the  Radio  Research  Laboratories 
of  Japan.   Our  project  installed  a  second  transmitting  station  at  Okuma, 
Okinawa,  which  was  also  operated  by  personnel  of  the  USIA,  and  the 
Japanese  established  receiving  sites  at  Hiraiso  and  Yonago  in  Japan  for 
recording  the  Okumatransmissions. 

Transmissions  for  the  second  associated  circuit  were  provided  by 
erecting  a  second  Yagi  antenna  at  the  Canal  Zone  site  and  splitting  the 
power  output  of  the  transmitter  using  a  hybrid  junction.   Half  of  the 
power  continued  to  be  directed  toward  Cuba  and  the  other  half  was  beamed 
to  Guayaquil,  Ecuador.   At  Guayaquil  was  located  the  northernmost  station 
of  the  Equatorial  Scatter  Project,  which  provided  the  necessary  equipment 
and  personnel  to  complete  the  circuit. 

Table  1  gives  a  compact  presentation  of  the  pertinent  statistics  for 
the  two  primary  circuits. 
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3-   PRESENTATION  OF  DATA 

3-1  General  appearance  of  records 

From  past  experience  it  was  expected  that  the  forward-scatter 
signal  would  always  be  present  and  that  the  meteoric  mode  rather  than 
the  solar  mode  would  dominate  due  to  the  wide  beamwidth  of  the  Yagi 
antennas.   The  records,  therefore,  were  expected  to  be  very  spiky  in 
appearance  and  to  exhibit  a  maximum  signal  level  at  about  0600  hours 
and  a  minimum  at  about  1800  hours  local  time  in  the  absence  of  sporadic- 
E  enhancements. 

The  records  from  the  Panama-to-Cuba  circuit  did  prove  to  be  as 
expected;  however,  on  the  Poro-to-Onna  records  the  signal  showed  an 
enhancement  in  the  early  evening  hours  of  a  type  not  associated  with 
sporadic  E.   The  general  appearance  of  the  signal  trace  changed  from  a 
wide  spiky  one  to  a  narrow  trace  more  or  less  devoid  of  spikes.   This 
type  of  trace  is  hereafter  referred  to  as  the  "evening  signal  anomaly" 
(the  term  "Far  Eastern  Anomaly"  has  also  been  used  as  the  phenomenon, 
is  much  more  intense  over  the  Poro-to-Onna  circuit  than  elsewhere). 

In  Figure  2,  part  (a)  is  a  day's  record  from  Cuba  showing  the  type 
expected  when  no  sporadic  E  is  present.   In  part  (b)  is  shown  a  sample 
record  from  each  circuit  containing  a  sporadic-E  enhancement,  and  (c) 
shows  the  character  of  the  evening  signal  anomaly  in  the  Far  East  and 
what  appears  to  be  the  same  phenomenon  in  the  Caribbean. 

3.2  Procedures  used  in  scaling  signal  and  noise  levels 

As  a  first  approach  to  analyzing  the  records,  they  were  scaled  for 
hourly  median  signal  and  hourly  sampled  noise  levels  (see  Tables  k   and  5) 
and  from  these  values  the  monthly  medians  for  each  hour  of  the  day  were 
obtained.   The  latter  have  been  plotted  as  diurnal  curves  for  each  month 
from  October,  1957  through  September,  1958>  and  are  shown  in  Figures  3 
through  lU.   The  data  have  been  adjusted  to  eliminate  transmission  line 
losses  and  include  the  contributions  from  all  modes  of  propagation. 
From  these  graphs  it  can  readily  be  seen  that  the  signal  levels  attained 
in  the  Far  East  were  nearly  always  greater  than  those  in  the  Caribbean. 
The  influence  of  the  evening  signal  anomaly  is  also  very  apparent. 

Both  circuits  exhibit  their  lowest  signals  during  the  late  after- 
noon hours  of  the  spring  equinox.   The  maximum  signal  levels  on  the 
records  from  Cuba  come  in  the  summer  at  about  0700  hours,  while  the  maxi- 
mum at  Onna  is  in  the  evening  hours  of  the  fall  equinox  due  to  the  influ- 
ence of  the  evening  signal  anomaly. 
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3. 3  Noise  levels  during  transmitter  breaks 

The  noise  levels  are  shown  in  Figure  15  as  a  mass  plot.   The 
abscissa  scale  has  been  changed  to  sidereal  time  and  the  peaks  indicate 
when  the  antennas  are  looking  in  the  direction  of  the  galactic  center. 

3.^-  Consideration  of  errors 

As  can  be  seen  in  Figure  2  the  number  of  decibels  per  scale  divi- 
sion of  the  recording  tape  becomes  non-linear  and  very  large  as  one 
approaches  -30  db  relative  to  1  |_lv  (which  is  the  region  where  the  noise 
values  occur).   The  reading  error  is  therefore  greater  for  noise  than 
for  signal  levels.   Ideally  the  daily  mean  values  of  galactic  noise 
recorded  at  Onna  (lat.  26°  30'  N,  antenna  azimuth  2l6°  57'  E  of  n)  and 
at  Guantanamo  Bay  (lat.  19°  53-5'  N,  antenna  azimuth  203°  53'  E  of  N) 
should  be  almost  identical  and  also  should  not  show  seasonal  variation. 
Actually  the  annual  median  value  of  noise  recorded  at  Guantanamo  Bay  was 
2  db  higher  than  that  for  Onna.  Also  the  monthly  median  values  of  noise 
recorded  at  Onna  showed  a  variation  throughout  the  year  characterized  by 
a  probable  error  for  an  individual  month  of  1  db  and  at  Guantanamo  Bay 
by  a  probable  error  of  h   db.   From  these  values  the  inter comparison 
precision  between  the  two  circuits  is  approximately  3  db.   The  intercom- 
parison  precisions  can,  in  principle,  be  reduced  from  3  db  to  slightly 
over  1  db  by  the  simple  expedient  of  splitting  the  systematic  error 
between  the  two  circuits  (i.e.  adding  1  db  to  all  Onna  values  and  sub- 
tracting 1  db  from  all  Guantanamo  Bay  values).   This  has  not  been  done 
because  of  the  possibility  that  the  error  may  apply  to  the  noise  values 
but  not  to  the  signal  values.   Factors  which  might  affect  the  noise  values 
but  not  the  signal  ones  are: 

(1)  man-made  noise  levels  at  the  two  locations, 

(2)  precipitation  noise  on  the  antennas, 

(3)  the  active  sun  passing  through  the  antenna  lobes, 
(k)  the  increased  scaling  error  for  noise  values, 

(5)   temperature  drifting  in  the  D.C.  amplifiers  which  has 
an  accentuated  effect  on  the  -20  to  -30  db  relative 
to  1  |iv  range. 

Factors  which  would  affect  both  signal  and  noise  levels  to  the  same 
degree  are: 

(1)  errors  in  estimating  transmission -line  losses  at  trans- 
mitting and  receiving  terminals  and  deterioration  of  the 
transmission  lines, 

(2)  mismatch  of  the  antennas, 

(3)  gain  variations  between  calibrations  within  the  receivers 
themselves, 

(h)      errors  in  estimating  the  output  power  of  the  transmitters, 
(5)   errors  in  the  signal  generators  used  for  calibration. 
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3-5  Sporadic-E  statistics 

Periods  of  sporadic -E  enhancements  for  the  year  October,  1957 
through  September,  1958  were  more  closely  examined  by  scaling  median 
signal  levels  for  each  five-minute  interval  (see  Tables  2  and  3).   The 
criterion  for  determining  these  events  was  as  follows: 

(1)  an  abrupt  rise  in  signal  level  clearly  distinguishable 
from  the  background  scatter  signal, 

(2)  a  duration  of  the  enhancement  of  at  least  twelve  minutes, 
to  separate  it  from  strong  meteor  echoes, 

(3)  an  indication  from  the  appearance  of  the  trace  of  the 
slow,  deep  fading,  characteristic  of  sporadic-E  propaga- 
tion, to  distinguish  it  from  the  evening  signal  anomaly. 

The  sporadic-E  data  obtained  in  this  manner  are  shown  in  Figure  16 
(for  Onna,  Okinawa)  and  Figure  17  (for  Guantanamo  Bay,  Cuba)  to  give  an 
overall  picture  of  Es  occurrence  as  a  function  of  time  of  day  and  month 
of  the  year.   Each  black  square  represents  a  five-minute  interval  when 
the  median  value  of  the  sporadic-E  propagated  signal  equaled  or  exceeded 
5  db  above  one  microvolt. 

In  Figure  18  a  comparison  is  made  between  the  two  paths  of  the 
percent  of  time  of  Es  propagation  for  each  hour  of  the  day  for  the  whole 
year.   Two  levels  are  shown,  5  db  above  one  microvolt  representing  essen- 
tially all  occurrences  and  50  db  above  one  microvolt  for  times  of 
"intense"  sporadic  E.   The  data  from  the  Far  East  circuit  exhibit  two 
maxima,  one  at  10  o'clock  in  the  morning  and  the  other  at  5  o'clock  in 
the  afternoon.   These  maxima  coincide  for  both  levels  presented.   The 
Cuban  data  have  only  the  afternoon  peak  at  about  5  o'clock  which  shifts 
to  a  slightly  earlier  time  for  the  "intense"  Es.   However,  the  statis- 
tical sample  of  Cuban  data  is  small  compared  to  the  Okinawan  data  and 
also  a  major  outage  occurred  on  the  Caribbean  circuit  during  May,  195°'j 
which  was  a  period  of  strong  morning  Es  in  the  Far  East.   Therefore  the 
difference  in  the  diurnal  curves  may  not  be  significant. 

The  seasonal  variations  are  compared  in  Figure  19.   The  expected 
summer  maximum  is  evident  for  both  circuits  although  different  in  degree. 
The  Onna  curves  also  have  a  small  but  well  defined  winter  maximum  and 
show  minima  occurring  during  the  equinoxes.   The  data  from  Cuba  indicate 
that  little  seasonal  variation  in  Es  occurrence  exists  from  October 
through  February,  but  show  a  minimum  during  March  and  April. 

Cumulative  distributions  showing  the  percent  of  time  the  level  of 
the  Es  propagated  signal  equaled  or  exceeded  0  db  and  above  are  given 
for  each  month  and  each  circuit  in  Figures  20  and  21.   The  curves  of  the 
Onna  data  separate  very  nicely  into  three  groups  of  four  months  each. 


-23- 


24 


22 


20 


LJ 


16 


14 


I- 

LUI2 

o 

lO 

ro 


08 


06 


04 


02 


00 


— I- 

1      1 

! 

1      1 
i 

— 

1 

1         1 

i 

:,"■    . 

I'     .' 

n 

1 

1 
1 

i 
■ 

l| 

.'I     ■" 

1 

\i ,[ 

— 

I 

1       , 

.     1 

1  • 
1. 

1 

..   1 

:    •    i 

■ 
• 

I 
I 

1 

1  ••' 

1   i    l 

i    ' 
I*  i    i 

— 

i; 

i 

,  fi 

i 

— 

• 

i 
i 

ML1 
'■it'll 

— 

i'l 

i' 

ii 

— 

i 

— 

1 

i 

i 

1   i    1 

i    1 

i 

1   i 

i  ,  If,  i. ,. 

Ii,        1     ,    ' 

i 

i.i. 

1      15 

1      15     1 

15      1 

IE 

>      1     15 

1     15      1      15     1     15 

1      15     1      15      1      15      1     15 

0 

N 

D 

J 

F 

MAM 

J            J             A            S 

1957-1956 

J 

TIMES   OF  OCCURRENCE  OF  SPORADIC  E  EQUAL   TO   OR  GREATER  THAN  5db. 
ABOVE   luv    (VALUES   ADJUSTED    FOR  NO  TRANSMISSION    LINE   LOSS)     AS 

OBSERVED  AT  ONNA 


FIGURE   16 


-2k- 


24 


22 


20 


18 


16 


i 


LU 


1^ 


08 


06 


04 


02 


00 


~ I 


■i' 

I 
1 

1    • 

1 

1 
1 

• 

1 

: 

l   I  I   I  I   1  !l   I  I 


I 


I      15      I     15     I      15      I     15      I      15     I      15      I      15      I      15      I      15     I     15      I      15      I     15 
ONDJFMAMJJAS 

1957-1958 

TIMES  OF  OCCURRENCE    OF  SPORADIC  E  EQUAL    TO  OR  GREATER  THAN  5db. 
ABOVE  \um  (VALUES  ADJUSTED   FOR    NO  TRANSMISSION    LINE  LOSS)     AS 

OBSERVED  AT   GUANTANAMO    BAY 


FIGURE    17 


■25- 


in        *        10         n 
3WI1  30  !N30H3d 


V.           1 

>v     — 

^0*"*"^                       4 

^*»*^                                 1 

f / 

-^           .--- 

/                             

< 

N^ 

V. 

V^ 

V            — 

N 

\ 

> 

< 

^> 

r^         ~ 

i 

V 

«sC   ^""^^^ 

\             — 

> 

^-^                                             ^^ 

— -^           V       — 

o 

^i=g 

^"^N> 

"D 

^     \ 

O 

LOLO 

\_l 

1    1 

1        | 

<"" 

1                1                1 

i    i    i  %.  -I 

1                1                1 

00  UJ 


si 

iS 

CVJ  CO 


°g 


S 


1 


UJ 
> 

o 

CD 
< 

■o 

O 
if) 


< 
if) 


(/) 

_J 
UJ 


<* 

o 

UJ 

_l 

5 

CM 
O 

UJ 

o 

m 

z 

o 

o 
o 

1 

UJ 
UJ 

u_ 

UJ 

2 
< 

z 

CO 

UL 

< 

3 

UJ 

oc 

O 

=D 

o 

O 

u. 

o 

z 

u. 

o 
o 

UJ 

o 

< 

z 

< 

CVJ 

UJ 

z 

CM 

tr 

z 

o 

a: 

3 

o 

CVJ 

O 

o 
o 

UJ 

I 

o 

a 

< 

a: 

o 

£L 

cn 


lO  lO  ^-  fO  CVJ 

3M1  30  ±N33H3d 


< 


a: 
a 


-26- 


co  <J- 

3WI1  dO   ±N30H3d 


S" ' 

^    l 

^r      — f~ 

r           i 

" "                              -"" 

,^_ 

<"' 

\ 

\ 

\ 

V 

> 

/ 

/ 

— — 

/ 

/ 

/ 

/ 

/ 
/ 

-~--------_J>- 

-a: 

^g 

^*^ 

C3> 

.^i 

«s 

4 

LOLO 

v 

\ 

1               1               1               1 

1               1               1               1 

l/> 

1               1               1               1 

1111 

\^r    , 

CO 


00 
IT) 

I 

m 
o 


cr  Q 

°  5? 

u_  < 

UJ< 

ES 

O 
O 
O 

LlI 
I 

o 

< 

o 

Q. 
05 


CO        Q 


g 


CO 


CD  <fr 

3INI1    dO    ±N30U3d 


CM 


Z 

o 

CO 

< 

UJ 
CO 


UJ 


-27- 


X  < 

H  Z 

z  z 

o  o 

2 

>-  K 


HJ     > 


o 

<7> 

Q 

< 

__- 

o: 

o 

<r 

n 

Ul 

(0 

CD 

O 

u. 

o 

O 

o 

<n 

z 

o 

o 

^i 

1- 

z 

-? 

z 

CD 

o 

CC 

UJ 

H 

m 

(0 

n 

tr 

< 

w  > 


2 
O 


a^  I    3A08V    qp 


-28- 


tr 

< 

UJ 

> 

LlJ 

X 

\- 

CC 

>- 

O 

<r 

u_ 

CD 

X 

O 

H 

5 

.£ 

< 

o 

7 

> 

< 

1- 

>- 

z 

CD 

< 

ID 

_l 

o 

LU 

> 

K 

LU 

< 

-J 

-J 
< 
2 

Q 

LU 

> 

O 

LU 

in 

O 

O 

< 

< 

ir 

<T> 

o 

Q- 

(/) 

" * 

II 

or 

n 

LU 

ti) 

o 

CO 

H 

2 

O 

o 

o 

rr 

— 

1- 

^ 

<r> 

^. 

n 

o 

UJ 

m 

LU 

> 

h- 

< 

_l 

3 

? 

3 

O 

3A08V    qp 


■  29- 


30NV1SI0     3S&3ANI     MCH38     qp 
O  O 


A-rf   I     3AO0V    <)P 


-30- 

Figure  2?   compares  similar  cumulative  distribution  curves  taking  the 
whole  year's  data  for  each  circuit  and  clearly  shows  that  sporadic  E 
was  three  to  five  times  more  prevalent  over  the  Poro-to-Onna  path  than 
over  the  Panama-to-Cuba  path. 

3.6  Evening  signal  anomaly 

The  evening  signal  anomaly  was  first  brought  to  the  attention  of 
members  of  this  project  during  November,  1956  when  E.  K.  Smith  was  site 
surveying  in  the  Far  East.   He  found  that  an  experimental  circuit 
operated  by  the  Page  Communications  Engineering  Company  of  Washington, 
D.  C.j    from  Poro  Point  in  the  Philippines  to  Sobe,  Okinawa,  at  a  fre- 
quency of  36.^  Mc/s  was  producing  peculiar  evening  signals  quite  con- 
sistently during  September  and  October  of  that  year.   No  information 
was  available  as  to  the  reflecting  mechanism  except  that  ground  scatter 
could  be  excluded. 

When  the  IGY  circuit  was  installed  between  Poro  Point  and  Onna  at 
an  operating  frequency  of  kty.Qk   Mc/s  in  September  of  1957.*  the  anomaly 
was  again  observed  with  signal  intensities  as  high  as  U5  db  above  1  \iv. 
Pulse  equipment  was  hurriedly  assembled  to  take  advantage  of  an  inspec- 
tion trip  scheduled  for  November,  1957*   The  phenomenon  had,  in  the 
meantime,  become  very  weak  and  the  November,  1957  pulse  tests  ended  in 
failure. 

A  few  months  later  the  Page  Company  initiated  tests  over  their 
Philippines -to-Okinawa  path  and  were  kind  enough  to  invite  E.  K.  Smith 
to  participate  in  them.   Pulse  delays  pertinent  to  F-region  heights  were 
obtained.   Also  a  comparison  of  signal  levels  received  on  a  single  lobe 
versus  a  split  lobe  (null  along  the  great-circle  path)  antenna  system 
indicated  that  much  of  the  energy  was  arriving  from  off  the  great-circle 
path.  A  problem  with  these  measurements  was  that  the  F-layer  MUF  was 
very  close  to  the  operating  frequency,  particularly  for  the  36 A  Mc/s 
circuit  used  in  the  pulse  delay  measurements  and  it  could  therefore  be 
argued  that  the  pulse  delays  were  peculiar  to  the  immediate  vicinity  of 
the  MUF.  Another  pulse  experiment  was  organized  for  the  IGY  circuit  for 
September,  1958.   This  experiment*  was  carried  out  by  J.  M.  Watts  and 
L.  H.  Tveten  and  was  successful  in  obtaining  the  range  time  records  shown 
in  Figure  23  (see  also  Figure  2  in  the  Bateman,  et  al. ,  1959) ♦  A  further 
experiment  was  scheduled  for  the  fall  of  1959  at  which  time  angle  of 
arrival  measurements  were  attempted  on  the  Poro-to-Onna  circuit  and  an 
effort  made  to  record  the  evening  signal  anomaly  in  adjacent  areas  to 
determine  its  geographical  extent. 


*The  program  of  special  tests  during  September,  1958  was  supported  by 
the  U.  S.  Information  Agency,  International  Broadcasting  Service. 
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Examples  of  the  appearance  of  this  anomaly  on  the  recordings  are 
shown  in  Figure  2.   Mass  plots  showing  the  times  when  signal  levels  due 
to  this  type  of  propagation  exceeded  the  threshold  values  of  5  and  15 
db  above  1  |av.   Actually  only  four  times  during  the  year  did  the  hourly 
median  value  of  the  anomalous  signal  reach  5  db  above  1  |j.v  at  Cuba. 

It  can  be  seen  in  Figure  24  that,  although  the  evening  signal 
anomaly  occurs  during  all  months  of  the  year,  the  September -October 
period  appears  to  be  the  annual  maximum  and  the  November-December  period 
the  annual  minimum.   No  pulse  measurements  were  made  over  the  Panama-to- 
Cuba  circuit,  so  it  cannot  be  claimed  for  certain  that  the  same  phen- 
omenon is  being  observed.   However,  it  is  interesting  to  note  that  the 
data  for  this  later  path  show  a  complete  seasonal  reversal  for  maximum 
and  minimum  periods  compared  to  those  observed  on  the  Far  East  circuit. 

4.   CONCLUSIONS 

The  existence  of  the  longitude  effect  in  the  occurrence  of 
sporadic -E  propagation  suggested  by  previous  data  has  been  affirmed  by 
this  experiment,  inasmuch  as  three  to  five  times  more  sporadic  E 
(depending  on  the  reference  level)  has  been  observed  on  the  Poro-to- 
Onna  circuit  in  the  Far  East  than  on  the  Panama-to-Cuba  circuit  in  the 
Caribbean. 

Seasonal  variations  of  the  occurrence  of  sporadic  E  showed  the 
summer  maximum  on  both  circuits,  but  only  the  Far  East  one  had  a  well 
defined  winter  peak. 

Diurnally,  sporadic  E  recorded  over  the  Poro-to-Onna  circuit 
exhibited  a  double-peaked  daytime  maximum,  with  the  peaks  occurring  at 
1000  and  1700  hours.   The  Es  data  from  the  Panama-to-Cuba  circuit  also 
had  the  daytime  maximum  but  only  one  peak  in  the  afternoon. 

Peculiar  evening  signal  enhancements  (referred  to  as  the  evening 
signal  anomaly  or  Far  East  anomaly)  have  been  observed,  particularly 
around  the  fall  equinox,  over  the  Poro-to-Onna  circuit.  Pulse  measure- 
ments during  these  periods  made  over  this  circuit  show  time  delays 
pertinent  to  F-region  reflections.   Pulse  broadening  points  toward  a 
scatter  rather  than  a  specular  reflection  mechanism  for  these  signals. 
Only  faint  evidence  of  a  similar  phenomenon  has  been  found  in  the 
Caribbean  area. 

In  this  report  an  effort  has  been  made  to  present  reductions  of  as 
much  of  the  data  obtained  during  the  IGY  program  as  possible.  A  paper 
has  been  prepared  for  publication  which  will  attempt  to  interpret  some 
of  the  findings  of  the  experiment  (Smith  and  Finney,  i960). 
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7-  APPENDIX 

RECEIVER  CALIBRATION 

In  the  ionospheric  forward- scatter  program  at  the  Central  Radio 
Propagation  Laboratory,  it  has  been  the  practice  to  calibrate  the 
receivers  in  terms  of  open-circuit  antenna  voltage.   This  practice  was 
followed,  primarily,  because  the  Impedance  of  the  receiving  equipment 
was  not  matched  to  the  impedance  of  the  antenna  system.   The  receivers 
used  in  the  VHF  Oblique-Incidence  Sporadic-E  Measurements  program  also 
fell  into  this  category,  and  the  same  type  of  calibration  was  employed. 
The  purpose  of  this  appendix  is  to  describe  the  calibration  method  and 
to  show  that  it  does  indicate  open-circuit  antenna  voltage.   Further, 
it  is  shown  how  this  calibration  is  related  to  the  transmission  loss  of 
the  circuit. 

The  antennas  used  in  this  experiment  were  horizontal  five-element 
Yagis  with  a  terminal  impedance  of  200  ohms.   This  balanced  impedance 
was  transformed  to  50  ohms  unbalanced  by  a  balun  and  matching  stubs. 
Neglecting  the  transmission  line  loss,  the  antenna  system  can  be 
represented  by  the  following  circuit: 

ZQ   =  50  ohms 


a 


vww 


E  is  the  open-circuit  antenna  voltage, 
a 

Z_  is  the  impedance  of  the  antenna  system  (50  ohms) 

The  basis  of  the  calibration  system  is  the  Measurements  Corpora- 
tion, Model  80,  signal  generator,  modified  with  a  crystal  of  the  desired 
series-resonant  frequency  to  provide  better  frequency  stability.   The 
generator  is  so  calibrated  that  the  voltage  indicated  by  the  long  fidu- 
cial mark,  E-i^.,  is  the  voltage  developed  across  a  50  ohm  load.   The  pad 
mark  indicates  one-half  of  this  voltage,  E  ,.   In  conjunction  with  the 

signal  generator,  two  Measurements  Corporation  pads,  80-ZH3>  are  used  to 
isolate  it  from  the  receiver.   These  pads,  when  terminated  with  50  ohms, 
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have  an  input  impedance  of  50  ohms  and  each  pad  provides  an  insertion 
loss  of  6  db  (drop  in  voltage  of  one-half).   However,  regardless  of  the 
impedance  of  the  signal  generator,  the  impedance  looking  back  into  the 
two  pads  when  attached  to  the  output  of  the  signal  generator  is  approxi- 
mately 50  ohms.  The  signal  generator  and  two  pads  when  ideally  loaded 
with  50  ohms  are  represented  by  the  following  circuit: 


EsgffY/ 


Pads 


R2  IL50  ^  E50 

j  1 : r  u 


E   is  the  voltage  developed  by  the  signal  generator, 
sg 

Z   is  the  internal  impedance  of  the  signal  generator. 
sg 

R   is  a  resistance  of  l6.6  ohms. 

Rp  is  a  resistance  of  66.9  ohms. 

L,-~  is  the  ideal  load  of  50  ohms. 

E,-n  is  the  voltage  of  the  calibration  system  across 
50  ohm  load. 

Due  to  the  presence  of  the  two  pads  in  the  circuit,  the  voltage 
developed  across  the  50  ohm  load  is  equal  to  one-quarter  the  voltage 
indicated  by  the  long  fiducial  mark  and  one-half  the  voltage  indicated 
by  the  pad  mark  or: 


Eq_  =  l/k   E_.  =  1/2  E 

50        If       pad 


According  to  Thevenin's  theorem,  the  network  to  the  left  of  the 
dashed  line,  insofar  as  the  load  impedance  is  concerned,  behaves  as 
though  it  were  equivalent  to  a  simple  generator  having  an  internal  impe- 
dance Z  and  a  generated  voltage  E,  where  E  is  the  open-circuit  voltage 
and  Z  is  the  impedance  looking  into  the  network  when  all  sources  of 
voltage  in  the  network  are  short-circuited.   The  impedance,  Z,  looking 
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back  into  the  calibration  network  is,  as  previously  explained,  approxi- 
mately 50  ohms.   The  equivalent  circuit  is  therefore: 

Z  =  50  ohms 
VW\A/ 


L50>     Ee 


From  this  equivalent  circuit,  it  is  readily  seen  that  the  generated 
voltage  E  is  equal  to  twice  the  voltage  across  the  50  ohm  load,  E  equals 
2(E[-n),  and  therefore  equal  to  the  voltage  indicated  by  the  pad  mark,  E 
equals  E^a^«   The  equivalent  open-circuit  of  the  calibration  system  can 
then  be  represented  by: 

Z=50  ohms 

AAAAA, . 


Epad 


Therefore,  when  the  voltage  across  the  terminals  of  the  antenna 
system  is  equal  to  the  voltage  indicated  by  the  pad  mark  on  the  signal 
generator,  the  calibration  system  is  the  open-circuit  equivalent  of  the 
antenna  system  and,  no  matter  what  load  impedance  is  placed  across  the 
terminals  by  the  receiver,  the  same  amount  of  power  will  be  delivered 
to  it  by  both  systems. 

In  the  actual  calibration  of  the  receivers,  the  pad  mark  of  the 
signal  generator  is  set  on  1000  microvolts.   The  output  of  the  receiver, 
as  indicated  on  an  Ester line -Angus  recorder  chart,  produced  by  this 
calibration  voltage  is  designated  as  60  db  above  one  microvolt  open- 
circuit  antenna  voltage.   Other  calibration  levels  are  obtained  through 
the  use  of  a  variable  attenuator,  which  is  calibrated  in  decibels.   This 
attenuator  was  found  to  perform  most  accurately  when  placed  between  the 
two  pads. 
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In  determining  the  system  loss,  L  ,  (Norton,  1959)  which  excludes 
any  transmitting  and  receiving  antenna  transmission  line  losses,  it  is 
necessary  to  know  p  ,  the  radio-frequency  signal  power  input  to  the 
terminals  of  the  transmitting  antenna,  and  p  ,  the  resultant  radio- 
frequency  signal  power  available  at  the  terminals  of  the  receiving 
antenna.   In  this  experiment,  p,  was  2  kw,  the  power  output  at  which  the 
transmitter  was  maintained,  and  p  was  the  radio- frequency  signal  power 
available  to  a  load  having  an  impedance  equal  to  the  antenna  impedance 
of  50  ohms.   For  the  reference  level  of  0  db  (one  microvolt  open-circuit 
antenna  voltage),  the  transmission  loss  is  calculated  as  follows: 

p  =  2  kw  =  2  x  103  watts 

P,  =  10  log  p  =  10  log  (2  x  103)  =  33  dbw 

<V2   (Eod/   0-  *  10"6)2   ,   10-15   t+ 
Pa  -  -g -  T-g—  =  "TT7507 =  5  x  10    Watts 

P  =  10  log  p  =  10  log  (5  x  10'15)  =  -1^3  dbw 

3.  3. 

L  =  P+  -  P  =  33  -  (-1^3)  =  176  db 
b    Tj  a 


In  the  antenna  system  used  in  this  experiment,  the  antenna  circuit 
losses  other  than  those  associated  with  its  radiation  resistance  were 
small  and  have  been  ignored.   Therefore  the  transmission  loss,  L,  was 
considered  the  same  as  the  system  loss. 
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Table  2.   Tabulation  of  median  signal  levels  for  every  5 -minute 
interval  during  periods  of  sporadic-E  propagation  as 
received  at  Guantanamo. 

Values  are  in  db  above  1  u.v.,  adjusted 
for  no  line  losses  and  2  kw  output  of  transmitter 
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-8 

30 

0 

35 

-2 

25 

-3 

35 

-1 

1+0 

-1+ 

30 

-1 

ko 

k 

1+5 

1 

35 

-3 

k5 

7 

50 

-2 

ko 

-3 

50 

21 

55 

16 

1+5 

6 

55 

15 

2200 

38 

50 

5 

2000 

33 

05 

32 

55 

8 

05 

33 

10 

22 

0300 

16 

10 

26 

15 

2 

05 

7 

15 

-1 

20 

-1 

10 

8 

20 

-3 

25 

15 

15 

2l+ 

25 

6 

30 

21 

20 

2k 

30 

-6 

35 

-2 

25 

37 

ko 

-12 

30 

30  May  8 

1805 ' 

-4 

h5 

-5 

35 

29 

10 

9 

50 

-10 

1+0 

2k 

15 

35 

55 

-11 

k<? 

19 

Jun  9 


Jun  9 


Jun  9 


Jun  13 


Jun  Ik 


1610 

-1 

15 

-7 

20 

1 

25 

11 

30 

7 

2255 

-9 

2300 

-1 

05 

-5 

10 

-7 

2325 

-8 

30 

12 

35 

Ik 

ko 

28 

k5 

7 

50 

7 

55 

3 

1830 

9 

35 

18 

ko 

18 

k5 

11 

50 

3 

55 

-5 

1035 

12 

ko 

11+ 

k5 

-5 

50 

-5 

55 

-5 

1100 

0 

05 

11 

10 

8 

15 

-k 

20 

-3 

25 

33 

30 

1+0 

35 

6 

ko 

3 

k5 

28 

50 

7 

55 

14 

Table  2    (Cont'd) 
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Date 

Time 

db 

Date   Time 

db  Date 

Time 

db  Date 

Time 

db 

Jun  Ik 

1200 

5 

Jun 

17  1720 

k6     Jul  5 

13^0 

16  Jul  9 

1125 

36 

05 

17 

25 

k 

k5 

16 

30 

29 

10 

9 

50 

9 

35 

13 

15 

22 

Jun 

19  1825 

0 

55 

k 

ko 

11 

20 

13 

30 

-1 

k5 

37 

25 

26 

35 

13  Jul  9 

0810 

8 

50 

k3 

30 

26 

ko 

17 

15 

2 

55 

kk 

35 

17 

k5 

1 

20 

-1 

1200 

50 

ko 

Ik 

25 

0 

05 

50 

k5 

15 

Jun 

20  1415 

-k 

30 

33 

10 

h3 

50 

2 

20 

6 

35 

30 

15 

hi 

55 

-3 

25 

6 

ko 

22 

20 

hi 

1300 

0 

30 

11 

k5 

10 

25 

55 

05 

1 

35 

18 

50 

6 

30 

52 

10 

9 

ko 

17 

55 

11 

35 

5k 

15 

11 

k5 

16 

0900 

3k 

ko 

52 

20 

15 

50 

-1 

05 

19 

k5 

57 

25 

12 

55 

-2 

10 

8 

50 

55 

30 

6 

1500 

31 

15 

-2 

55 

37 

35 

12 

05 

32 

20 

-2 

1300 

3k 

ko 

25 

10 

30 

25 

-2 

05 

50 

k5 

k2 

15 

1 

30 

16 

10 

51 

50 

k9 

35 

6 

15 

35 

55 

51 

Jun 

20  2225 

19 

ko 

-1 

20 

55 

1^00 

57 

30 

11 

k5 

2 

25 

50 

05 

^9 

35 

16 

50 

27 

30 

37 

10 

50 

ko 

15 

55 

30 

35 

52 

15 

26 

45 

28 

1000 

56 

1+0 

62 

20 

26 

50 

k6 

05 

39 

k5 

63 

25 

21 

55 

2k 

10 

36 

50 

60 

30 

11 

2300 

32 

15 

39 

55 

kl 

35 

k 

05 

28 

20 

3 

1400 

68 

ko 

0 

10 

22 

25 

1 

05 

60 

45 

6 

15 

29 

30 

3 

10 

68 

50 

-3 

20 

30 

35 

35 

15 

>68 

55 

38 

25 

39 

ko 

18 

20 

>68 

1500 

kl 

30 

21 

k5 

k5 

25 

>68 

05 

39 

35 

21 

50 

k9 

30 

>68 

10 

2 

ko 

19 

55 

3k 

35 

>68 

15 

10 

k5 

k 

1100 

53 

ko 

>68 

50 

-k 

05 

59 

k5 

>68 

Jun  17 

1705 

28 

10 

ko 

50 

>68 

10 

3k 

Jul 

5  1330 

1 

15 

39 

55 

>68 

15 

k3 

35 

15 

20 

kl 

1500 

>68 

Table   2    (Cont'd) 
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Date 

Time 

db 

Date 

Time 

db 

Date 

;   Time 

db 

Date   Time 

db 

Jul  9 

1505 

>68 

Jul 

9 

1845 

9 

Jul 

19  1235 

-1 

Jul  23  1520 

5 

10 

>68 

50 

10 

4o 

6 

25 

7 

15 

67 

55 

3 

45 

18 

30 

12 

20 

68 

1900 

3 

50 

25 

35 

13 

25 

>68 

05 

1 

55 

23 

40 

13 

30 

66 

10 

4 

1300 

5 

45 

19 

35 

64 

15 

-2 

05 

-4 

50 

38 

J^-0 

65 

20 

1 

55 

37 

45 

56 

Jul 

20  1210 

15 

1600 

45 

50 

G 

Jul 

11 

1530 

0 

15 

33 

05 

33 

55 

G 

35 

33 

20 

39 

10 

18 

1600 

56 

4o 

41 

25 

43 

15 

3 

05 

50 

45 

11 

30 

45 

20 

0 

10 

41 

50 

18 

35 

32 

25 

-4 

15 

37 

55 

8 

40 

27 

20 

53 

1600 

14 

45 

36 

Jul  26  0645 

13 

25 

21 

05 

35 

50 

4o 

50 

11 

30 

56 

10 

9 

55 

51 

55 

11 

35 

53 

15 

3 

1300 

33 

0700 

5 

40 

47 

20 

8 

05 

11 

05 

8 

45 

41 

25 

16 

10 

10 

10 

13 

50 

30 

30 

42 

15 

5 

15 

13 

55 

2 

35 

13 

20 

28 

1700 

5 

40 

9 

Jul 

20  1350 

-8 

25 

9 

05 

2 

45 

8 

55 

10 

30 

14 

10 

-1 

50 

5 

i4oo 

19 

35 

9 

15 

-1 

55 

7 

05 

3 

40 

14 

20 

0 

1700 

7 

10 

-5 

45 

9 

25 

21 

05 

8 

15 

-7 

50 

16 

30 

25 

10 

6 

20 

-4 

55 

7 

35 

30 

15 

5 

25 

-4 

40 

35 

20 

2 

30 

10 

Aug  5  i64o 

0 

45 

28 

25 

-1 

35 

14 

45 

14 

50 

32 

40 

14 

50 

15 

55 

4o 

Jul 

11 

1810 

23 

45 

14 

55 

15 

1800 

34 

15 

2 

50 

1 

1700 

21 

05 

26 

20 

3 

55 

1 

05 

20 

10 

31 

1500 

-4 

10 

23 

15 

43 

Jul 

13 

2030 

0 

05 

-6 

15 

20 

20 

16 

35 

25 

20 

23 

25 

11 

4o 

16 

Jul 

23  1500 

-4 

25 

23 

30 

5 

05 

-2 

30 

23 

35 

3 

Jul 

19  12; 

-8 

10 

-3 

35 

26 

4o 

20 

30 

-2 

15 

-1 

40 

20 

Table   2    (Cont'd) 


-46- 


Date 

Time 

db 

Date   Time 

db 

Date   Time 

db 

Date   Time 

db 

Aug  5 

1745 

14 

Aug  21  I63O 

30 

Sep  10  1535 

-7 

Sep  12  1720 

22 

50 

10 

35 

37 

40 

-3 

25 

23 

55 

2 

ko 

2k 

45 

5 

30 

12 

1800 

7 

45 

48 

50 

5 

35 

10 

05 

5 

50 

63 

55 

-5 

40 

0 

10 

-1 

55 

68 

45 

-9 

1700 

66 

Sep  12  1400 

43 

50 

-7 

Aug  5 

1910 

5 

05 

67 

05 

17 

55 

7 

15 

43 

10 

65 

10 

11 

1800 

-8 

20 

15 

15 

38 

15 

18 

05 

-6 

25 

14 

20 

23 

20 

23 

10 

4 

30 

17 

25 

30 

25 

21 

15 

4 

35 

15 

30 

30 

30 

46 

20 

-1 

40 

5 

35 

42 

35 

39 

45 

9 

ko 

35 

40 

40 

Sep  19  1450 

-1 

50 

12 

45 

45 

45 

50 

55 

15 

55 

10 

50 

48 

50 

21 

1500 

29 

2000 

12 

55 

51 

55 

41 

05 

43 

05 

12 

1800 

48 

1500 

63 

10 

44 

10 

1 

05 

45 

05 

62 

15 

24 

15 

-1 

10 

40 

10 

27 

20 

44 

20 

1 

15 

34 

15 

8 

25 

43 

20 

32 

20 

-2 

30 

60 

Aug  18 

0040 

-6 

25 

34 

35 

62 

45 

9 

30 

42 

Sep  12  1540 

29 

40 

56 

50 

0 

35 

46 

45 

33 

45 

60 

55 

24 

ko 

44 

50 

25 

50 

57 

0100 

21 

45 

48 

55 

35 

55 

54 

05 

31 

50 

49 

1600 

51 

1600 

60 

10 

32 

55 

48 

05 

51 

05 

59 

15 

32 

1900 

48 

10 

62 

10 

60 

20 

2k 

05 

36 

15 

51 

15 

61 

25 

19 

10 

43 

20 

G 

20 

61 

30 

27 

15 

43 

25 

G 

25 

67 

35 

26 

20 

30 

30 

52 

30 

63 

4o 

33 

25 

42 

35 

50 

35 

65 

45 

33 

30 

45 

40 

48 

40 

61 

50 

35 

35 

33 

45 

40 

45 

61 

ko 

41 

50 

23 

50 

55 

Aug  21 

1605 

-11 

45 

27 

55 

10 

55 

52 

10 

-8 

50 

3 

1700 

40 

1700 

55 

15 

10 

55 

-2 

05 

40 

05 

53 

20 

5 

2000 

-2 

10 

47 

10 

60 

25 

7 

05 

1 

15 

28 

15 

59 

Table  2  (Cont'd) 
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Date    Time 


db  Date 


Time 


db  Date   Time   db  Date   Time   db 


Sep  19     1720 

59 

Sep 

20  O9I+O 

19 

Sep 

21  1515 

1+8 

25 

h9 

1+5 

8 

20 

1+1+ 

30 

39 

50 

18 

25 

17 

35 

39 

55 

0 

30 

10 

1+0 

39 

35 

1+2 

1+5 

1+5 

Sep 

20 

1015 

-3 

1+0 

30 

50 

1+8 

20 

1+ 

1+5 

18 

55 

hi 

25 

8 

50 

13 

1800 

50 

55 

13 

05 

^7 

Sep 

21 

0855 

9 

1600 

19 

10 

3^ 

0900 

7 

05 

31 

15 

37 

05 

0 

10 

28 

20 

38 

10 

-8 

15 

36 

25 

33 

20 

20 

30 

33 

Sep 

21 

1010 

-6 

25 

1+ 

35 

38 

15 

3 

30 

12 

i+o 

29 

20 

21+ 

35 

16 

1+5 

35 

25 

37 

1+0 

17 

50 

32 

30 

30 

1+5 

20 

55 

31 

35 

21 

50 

23 

1900 

27 

14-0 

^9 

55 

11 

05 

10 

1+5 

22 

1700 

-1+ 

10 

7 

50 

hi 

55 

5h 

Sep 

26  11+1+0 

-7 

Sep  20     O305 

-5 

1100 

3h 

h5 

-2 

10 

2 

05 

ij-3 

50 

1+ 

15 

-5 

10 

37 

55 

7 

20 

-2 

15 

35 

1500 

8 

25 

2 

20 

37 

05 

7 

30 

-h 

25 

^7 

10 

8 

35 

-6 

30 

53 

15 

-1 

1+0 

-2 

35 

50 

20 

-2 

h5 

9 

1+0 

1+5 

25 

-1+ 

50 

22 

hi 

27 

55 

28 

50 

20 

0900 

26 

55 

18 

05 

39 

1200 

1+ 

10 

1+1+ 

05 

-2 

15 

38 

10 

-2 

20 

37 

15 

-2 

25 

^3 

30 

3^ 

Sep 

21 

1505 

-1+ 

35 

36 

10 

1 

■k8- 


Table  3-  Tabulation  of  median  signal  levels  for  every  5-minute 
interval  during  periods  of  sporadic -E  propagation  as 
received  at  Onna. 

Values  are  in  db  above  1  ji.v.,  adjusted 
for  no  line  losses  and  2  kw  output  of  transmitter 
I350E  Time 


Date 

Time 

db 

Date   Time 

db 

Date 

Time 

db  Date 

Time 

db 

Oct  1 

1830 

8 

Dec  2  1645 

18 

Dec  16 

1535 

6  Jan  3 

1455 

49 

35 

13 

50 

ko 

ko 

5 

1500 

49 

4o 

19 

55 

ko 

05 

51 

45 

10 

1700 

45 

Jan  1 

1300 

-2 

10 

52 

50 

IT 

05 

kl 

05 

10 

15 

51 

55 

10 

10 

60 

10 

7 

20 

51 

1900 

10 

15 

56 

15 

k 

25 

49 

05 

18 

20 

59 

20 

7 

30 

50 

10 

29 

25 

63 

25 

k 

35 

50 

15 

G 

30 

>63 

4o 

50 

20 

G 

35 

56 

Jan  1 

1345 

2 

45 

kl 

25 

G 

ko 

58 

50 

k 

50 

50 

30 

G 

45 

58 

55 

13 

55 

49 

35 

G 

1750 

53 

1400 

k 

1600 

45 

4o 

34 

55 

45 

05 

0 

05 

39 

45 

18 

1800 

20 

10 

31 

50 

I4-0 

05 

ko 

Jan  1 

1515 

6 

10 

3k 

20 

27  Jan  5 

1500 

-6 

Oct  6 

I825 

1*. 

15 

3k 

25 

19 

05 

-1 

30 

21 

20 

k2 

10 

18 

35 

36 

25 

37 

Jan  3 

1310 

21 

15 

6 

4o 

47 

30 

31 

15 

5 

20 

10 

45 

kk 

35 

25 

20 

9 

25 

11 

50 

kl 

ko 

9 

25 

39 

30 

16 

55 

29 

45 

20 

30 

6 

35 

16 

1900 

32 

50 

8 

35 

3 

'40 
45 

26 
26 

Oct  6 

1945 

10 

Dec  16  1435 

-1 

Jan  3 

1355 

-3 

50 

13 

50 

11 

ko 

10 

1400 

6 

55 

7 

55 

12 

45 

2 

05 

5 

1600 

2 

50 

-6 

10 

20 

05 

6 

Nov  17 

1520 

23 

55 

-6 

15 

19 

10 

10 

25 

kk 

1500 

-3 

20 

3k 

15 

9 

30 

23 

05 

1 

25 

k6 

20 

20 

35 

21 

10 

6 

30 

kk 

25 

30 

ko 

16 

15 

11 

35 

37 

30 

33 

k5 

12 

20 

30 

ko 

31 

35 

30 

50 

8 

25 

32 

45 

ko 

4o 

23 

55 

k 

30 

21 

50 

42 

45 

19 

G  Outag< 

a 

-1*9- 

Table   3      (Cont'd) 


Date 

Tine 

db 

Date   Time 

db 

Date   Time 

db 

Date   Time 

db 

Jan  5 

1650 

15 

Jan  13  2055 

24 

Jan  15  1520 

-5 

Jan  18  1325 

20 

55 

21 

2100 

20 

25 

-8 

30 

53 

1700 

G 

35 

53 

05 

G 

Jan  15  1015 

15 

Jan  16  1230 

5 

40 

57 

10 

G 

20 

14 

35 

17 

45 

57 

15 

20 

25 

12 

40 

10 

50 

51 

20 

19 

30 

9 

45 

11 

55 

38 

35 

7 

50 

11 

1400 

20 

Jan  7 

1230 

-2 

40 

8 

55 

11 

05 

14 

35 

3 

45 

4 

1300 

14 

10 

16 

1*0 

11 

50 

3 

05 

11 

15 

6 

45 

17 

55 

5 

10 

11 

20 

15 

50 

14 

1100 

10 

15 

2 

25 

7 

55 

9 

05 

42 

20 

-3 

30 

18 

1300 

4 

10 

24 

25 

-5 

35 

14 

05 

9 

15 

17 

30 

0 

40 

12 

10 

8 

20 

3 

35 

8 

45 

25 

15 

9 

25 

-3 

40 

3 

50 

32 

20 

2 

45 

23 

55 

33 

25 

3 

Jan  15  1315 

-6 

50 

33 

1500 

20 

30 

3 

20 

-5 

55 

29 

05 

11 

35 

9 

25 

5 

i4oo 

2 

10 

10 

>*o 

14 

30 

43 

05 

2 

15 

12 

45 

39 

35 

11 

10 

0 

20 

3 

50 

54 

40 

18 

25 

1 

55 

48 

45 

13 

Jan  16  1600 

-5 

30 

-4 

1400 

20 

50 

44 

05 

-6 

35 

0 

05 

18 

55 

41 

10 

-5 

40 

6 

10 

18 

1400 

18 

15 

-1 

45 

6 

15 

9 

05 

-2 

20 

-2 

50 

3 

20 

5 

10 

-2 

25 

1 

55 

1 

25 

6 

15 

1 

30 

3 

20 

4 

35 

13 

Jan  21  1845 

14 

Jan  13 

1900 

46 

25 

5 

4o 

G 

50 

27 

05 

20 

30 

7 

45 

G 

55 

29 

10 

18 

35 

0 

50 

G 

1900 

41 

15 

22 

40 

-8 

55 

G 

05 

30 

20 

19 

45 

-11 

1700 

G 

10 

21 

25 

19 

50 

-10 

05 

G 

55 

-13 

10 

G 

Feb  5  1700 

-10 

Jan  13 

2035 

19 

1500 

4 

15 

20 

05 

-8 

4o 

23 

05 

6 

20 

20 

10 

-3 

45 

41 

10 

25 

29 

15 

1 

50 

37 

15 

-3 

30 
35 

34 
26 

20 
25 

4 
13 

Table  3    (Cont'd) 


-50- 


Date       Time 

db 

Date 

Time 

db     Date 

Time 

db     Date 

Time 

db 

Feb  5     1730 

G 

Apr  5 

15^5 

-8     Apr   20 

0750 

12     Apr   20 

1125 

21+ 

35 

G 

50 

-k 

55 

8 

30 

1+5 

ko 

G 

55 

2 

08OO 

12 

35 

56 

k5 

21 

1600 

12 

05 

1+1 

1+0 

57 

50 

22 

05 

7 

10 

57 

1+5 

38 

55 

19 

10 

9 

15 

56 

50 

1+8 

1800 

19 

15 

3 

20 

51+ 

55 

1+6 

05 

22 

20 

6 

25 

1+8 

1200 

39 

10 

18 

25 

5 

30 

k3 

05 

1+1 

30 

k 

35 

18 

10 

1+0 

Mar  2k  l6l5 

-5 

35 

3 

ko 

7 

15 

38 

20 

28 

1+5 

3 

20 

3k 

25 

39 

Apr  10 

0030 

0 

50 

k 

25 

33 

30 

28 

35 

2 

55 

G 

30 

32 

35 

21 

ko 

0 

0900 

G 

35 

21+ 

1+0 

9 

1+5 

-2 

05 

G 

1+0 

18 

1+5 

k 

50 

-2 

10 

G 

k5 

ll+ 

50 

0 

55 

-1 

15 

9 

50 

7 

55 

-5 

0100 

2 

20 

G 

55 

6 

05 

5 

25 

20 

1300 

6 

Mar   29  0020 

12 

10 

4 

30 

22 

05 

7 

2£ 

18 

15 

2 

35 

53 

10 

5 

30 

21 

20 

1 

1+0 

31 

15 

-6 

35 

2k 

25 

3 

1+5 

16 

1+0 

26 

50 

33     Apr  22 

1600 

-10 

1+5 

2k 

Apr  15 

2150 

10 

55 

16 

05 

-9 

50 

23 

55 

2 

1000 

13 

10 

-6 

55 

IT 

2200 

5 

05 

10 

15 

-6 

0100 

16 

05 

-5 

10 

17 

20 

-1 

05 

21 

10 

7 

15 

k 

.25 

3 

10 

25 

15 

10 

20 

3 

30 

1+ 

15 

22 

20 

7 

25 

33 

35 

9 

20 

15 

25 

12 

30 

13 

1+0 

19 

30 

5 

35 

33 

45 

23 

Apr  5     1500 

-8 

35 

-7 

1+0 

33 

50 

25 

05 

-5 

k5 

-1 

55 

21+ 

10 

2 

Apr  20 

0715 

-4 

50 

-k 

1700 

23 

15 

7 

20 

0 

55 

-5 

05 

25 

20 

8 

25 

5 

1100 

-1+ 

10 

25 

25 

2 

30 

2 

05 

-1 

15 

27 

30 

13 

35 

7 

10 

1 

20 

29 

35 

-2 

ko 

5 

15 

3 

25 

38 

ko 

-9 

k5 

23 

20 

13 

30 
35 

G 
G 

Table  3    (Cont'd) 


-51- 


Date        Time 

db 

Date 

Time 

db 

Date 

Time 

db 

Date        Time 

db 

Apr  23  0*4-05 

37 

Apr   25 

2105 

2 

May  it- 

2355 

31 

May  11+   2005 

k5 

10 

23 

10 

11+ 

May  5 

0000 

28 

10 

1+6 

15 

1+1 

15 

3^ 

05 

19 

15 

1+8 

20 

k3 

20 
25 

22 
7 

10 

20 

20 
25 

1+1 
k6 

Apr  2k  1030 

28 

30 

7 

May  5 

0905 

0 

30 

1+1+ 

35 

1+0 

35 

0 

10 

12 

35 

1+0 

40 

5 

1+0 

-8 

15 

20 

62 

63 

1+0 
k5 

38 
39 

Apr  24  1105 

ll+ 

Apr  27 

11+00 

-6 

25 

5k 

50 

3k 

10 

11 

05 

-3 

30 

56 

55 

23 

15 

1 

10 

3 

35 

9 

2100 

16 

15 

25 

ko 

G 

05 

30 

Apr  21+  1215 

12 

20 

21+ 

k<? 

-3 

10 

37 

20 

19 

25 

17 

15 

30 

25 

19 

30 

k 

May  5 

1300 

17 

20 

19 

30 

32 

35 

-2 

05 

12 

25 

28 

35 

1+2 

1+0 

-1+ 

10 

2 

30 

12 

ko 

26 

k5 

1 

15 

-10 

k5 

k 

50 

5 

20 

-9 

May  17  0750 

11+ 

50 

-2 

55 

1500 

8 

1 

25 

-2 

55 
0800 

21 
28 

Apr  25  1055 

-7 

05 

-3 

May  ll+ 

1015 

1+ 

05 

33 

1100 

0 

10 

-2 

20 

31 

10 

33 

05 

10 

15 

-6 

25 

>63 

15 

61 

10 

15 

30 

62 

20 

60 

15 

13 

Apr  27  15I+5 

0 

35 

>63 

25 

57 

20 

7 

50 

12 

1+0 

69 

30 

60 

25 

6 

55 

13 

45 

65 

35 

59 

30 

1+ 

1600 

18 

50 

60 

1+0 

58 

35 

6 

05 

16 

55 

36 

k5 

62 

ko 

1 

10 

8 

1100 

25 

50 

61 

k5 

10 

05 

62 

55 

63 

50 

1 

May  2 

1150 

-2 

10 

59 

0900 

62 

55 

2 

55 

23 

15 

5k 

05 

57 

1200 

3 

1200 

1 

10 

62 

05 

-5 

05 

7 

May  11+  1925 

30 

15 

56 

10 

-5 

10 

26 

30 

k6 

20 

57 

15 

-5 

15 

-6 

35 

k5 

25 

59 

20 

-1+ 

1+0 

1+2 

30 

25 

25 

11+ 

May  1+ 

1055 

-1+ 

45 

32 

35 

22 

30 

15 

1100 

52 

50 

31 

1+0 

7 

35 

11+ 

05 

36 

55 

35 

k5 

8 

1+0 

12 

10 

-1+ 

2000 

38 

50 

12 

Table   3    (Cont'd) 


•52- 


Date   Time 

db 

Date 

Time 

db 

Date 

Time 

db 

Date   Time 

db 

May  17  0955 

11 

May  18 

2225 

16 

May  19 

0820 

59 

May  20  0910 

G 

1000 

23 

30 

23 

25 

61 

15 

G 

05 

45 

35 

17 

30 

51 

20 

55 

10 

53 

40 

2k 

35 

48 

25 

53 

15 

G 

45 

19 

4o 

45 

30 

G 

20 

G 

50 

27 

45 

28 

35 

G 

25 

G 

55 

34 

50 

22 

40 

58 

30 

G 

2300 

30 

55 

59 

45 

48 

35 

57 

05 

29 

0900 

63 

50 

50 

4o 

36 

10 

19 

05 

62 

55 

48 

45 

58 

15 

19 

10 

59 

1000 

42 

50 

1+1 

20 

19 

15 

60 

05 

20 

55 

25 

25 

22 

20 

52 

10 

28 

1100 

23 

30 

33 

25 

57 

15 

42 

05 

54 

35 

ho 

30 

59 

20 

41 

10 

28 

4o 

39 

35 

55 

25 

G 

15 

32 

45 

34 

1+0 

47 

30 

G 

20 

23 

50 

37 

45 

56 

35 

G 

25 

10 

55 

35 

50 

22 

4o 

G 

30 

31 

May  19 

0000 

35 

55 

12 

45 

10 

35 

18 

05 

20 

1000 

10 

50 

20 

4o 

G 

10 

17 

55 

25 

45 

8 

May  20 

0210 

30 

May  19 

0115 

22 

15 

31 

May  20  1515 

-2 

May  18  0645 

23 

20 

30 

20 

26 

20 

12 

50 

55 

25 

28 

25 

0 

^ 

60 

30 

30 

May  20 

0305 

32 

30 

7 

0700 

57 

35 

20 

10 

33 

35 

22 

05 

57 

15 

30 

4o 

>63 

10 

59 

May  19 

0715 

17 

20 

36 

45 

63 

15 

59 

20 

15 

25 

41 

50 

49 

20 

58 

25 

62 

30 

29 

55 

37 

25 

59 

30 

63 

1600 

25 

30 

49 

35 

>63 

May  20 

0825 

G 

05 

13 

35 

54 

1+0 

63 

30 

G 

10 

6 

40 

57 

45 

62 

35 

G 

15 

2 

k5 

60 

50 

62 

40 

G 

20 

4 

50 

60 

55 

61 

45 

G 

25 

11 

55 

60 

0800 

62 

50 

G 

30 

10 

0800 

59 

05 

55 

55 

G 

05 

54 

10 

59 

0900 

G 

May  20  1705 

62 

10 

43 

15 

61 

05 

G 

10 

>63 

Table   3    (Cont'd) 


•53- 


Date       Time 

db 

Date        Time 

db 

Date 

Time 

db 

Date 

Time 

db 

May  20  1715 

>63 

May  20  2050 

G 

May  22 

0930 

-2 

May  21+ 

1820 

kl 

20 

>63 

55 

G 

35 

1+ 

25 

1+0 

25 

>63 

2100 

G 

1+0 

6 

30 

52 

30 

>63 

05 

G 

1+5 

20 

35 

20 

35 

>63 

10 

G 

50 

36 

1+0 

52 

1+0 

>63 

15 

G 

55 

59 

1+5 

1+8 

1+5 

>63 

20 

31 

1000 

58 

50 

55 

50 

>63 

25 

33 

05 

36 

55 

19 

55 

>63 

30 

27 

10 

28 

1800 

>63 

35 

21 

15 

25 

May  25 

2100 

3 

05 

>63 

1+0 

18 

20 

kk 

05 

8 

10 

>63 

25 

3k 

10 

7 

15 

>63 

May  21  0905 

7 

30 

52 

15 

6 

20 

>63 

10 

2k 

35 

37 

20 

7 

25 

>63 

15 

38 

1+0 

6 

25 

3 

30 

61 

20 

12 

45 

5 

30 

2 

35 

62 

25 

5 

50 

-7 

35 

9 

1+0 

61 

1+0 

5 

1+5 

61 

May  22   0000 

25 

May  22 

1105 

-3 

1+5 

27 

50 

59 

05 

25 

10 

2 

50 

10 

55 

60 

10 

32 

15 

1+0 

1900 

G 

15 

37 

20 

55 

May  25 

221+5 

19 

05 

G 

20 

31 

25 

k6 

50 

9 

10 

G 

25 

38 

30 

k9 

55 

15 

15 

G 

30 

38 

35 

50 

2300 

1-9 

20 

G 

35 

kQ 

1+0 

53 

05 

Ik 

25 

G 

ho 

5^ 

1+5 

53 

10 

Ik 

30 

G 

45 

52 

50 

1+7 

15 

18 

35 

G 

50 

52 

55 

i+l 

20 

19 

kO 

G 

55 

kQ 

1200 

25 

25 

28 

45 

G 

0100 

51 

05 

15 

30 

35 

50 

G 

05 

kl 

10 

10 

35 

39 

55 

G 

10 

k3 

15 

-1+ 

1+0 

kk 

2000 

G 

15 

50 

1+5 

l+l 

05 

G 

20 

48 

May  22 

2015 

19 

50 

32 

10 

G 

25 

k3 

20 

18 

55 

30 

15 

G 

30 

35 

25 

27 

May  26 

0000 

37 

20 

G 

35 

33 

30 

37 

05 

1+0 

25 

G 

ko 

27 

10 

1+1 

30 

G 

1+5 

23 

May  2k 

1800 

1+1 

15 

1+0 

35 

G 

50 

18 

05 

51 

20 

37 

ko 

G 

55 

16 

10 

1+8 

25 

l+l 

45 

G 

0200 

23 

15 

5k 

30 

38 

Table   3    (Cont'd) 


■5h- 


Date 

Time 

db 

Date 

s        Time 

db 

Date        Time 

db 

Date        Time 

db 

May  26 

0035 

1+0 

May 

28  1035 

32 

May  29  0915 

G 

May  29  1325 

51 

i+o 

38 

1+0 

21 

20 

G 

30 

17 

1+5 

38 

1+5 

13 

25 

G 

35 

23 

50 

39 

30 

G 

1+0 

23 

55 

1+0 

May 

28  1355 

8 

35 

57 

0100 

36 

11+00 

13 

1+0 

1+7 

May  29  2000 

28 

05 

18 

1+5 

1+2 

05 

30 

May  26 

1130 

20 

10 

18 

50 

1+5 

10 

1+2 

35 

1+0 

15 

10 

55 

hi 

15 

37 

1+0 

23 

20 

1 

1000 

1+6 

20 

1+0 

^5 

28 

25 

1 

05 

51 

25 

31+ 

50 

32 

10 

50 

30 

31 

55 

36 

May 

28  1625 

16 

15 

52 

35 

33 

1200 

37 

30 

26 

20 

52 

05 

36 

35 

30 

25 

55 

May  30  1125 

G 

10 

1+2 

ho 

31 

30 

53 

30 

G 

15 

1+8 

1+5 

36 

35 

51+ 

35 

G 

20 

1+8 

50 

31 

1+0 

53 

1+0 

G 

25 

52 

55 

31 

1+5 

1+0 

lf-5 

K3 

30 

^7 

1700 

21 

50 

37 

50 

33 

35 

25 

05 

19 

55 

63 

55 

21+ 

i+o 

22 

10 

25 

1100 

60 

1200 

25 

1+5 

21 

15 

25 

05 

62 

05 

1+2 

20 

21 

10 

>63 

10 

1+8 

May  26 

2010 

28 

25 

37 

15 

63 

15 

62 

15 

^3 

30 

51 

20 

>63 

20 

>63 

20 

29 

35 

33 

25 

>63 

25 

>63 

1+0 

50 

30 

>63 

30 

>63 

May  27 

1020 

30 

1+5 

31 

35 

62 

35 

>63 

25 

51+ 

50 

1+8 

1+0 

62 

1+0 

>63 

30 

39 

55 

1+1+ 

1+5 

61 

1+5 

>63 

35 

16 

1800 

1+9 

50 

1+0 

50 

>63 

i+o 

7 

05 

1+0 

50 

11 

55 

>63 

10 

8 

1200 

8 

1300 

>63 

May  28 

0920 

0 

15 

18 

05 

22 

05 

>63 

25 

11+ 

20 

10 

10 

>63 

30 

11+ 

25 

8 

May  29  121+5 

3^ 

15 

>63 

35 

30 

50 

^ 

20 

63 

1+0 

37 

May  29  081+5 

36 

55 

59 

25 

60 

1+5 

1+6 

50 

k9 

1300 

51 

30 

56 

50 

h9 

55 

28 

05 

>63 

35 

fc5 

55 

31 

0900 

l+l 

10 

1+0 

1+0 

36 

1000 

36 

05 

58 

15 

36 

1+5 

38 

05 

12 

10 

63 

20 

51 

50 

1+1 

-55- 

Table   3    (Cont'd) 


Date       Time 

db 

Date        Time 

db 

Date        Time 

db 

Date        Time 

db 

May  30  1355 

k2 

May  30  1730 

51+ 

May  31  0920 

3 

May  31  1255 

-1 

ll+OO 

k6 

35 

G 

25 

3 

1300 

-1 

05 

61 

1+0 

G 

30 

10 

05 

8 

10 

56 

1+5 

>63 

35 

17 

10 

29 

15 

>63 

50 

63 

1+0 

35 

15 

23 

20 

>63 

55 

>63 

k5 

5 

20 

30 

25 

1+6 

1800 

58 

50 

8 

25 

21+ 

30 

38 

05 

51 

55 

7 

30 

26 

35 

33 

10 

l+l 

1000 

13 

35 

31 

ko 

35 

15 

1+0 

05 

22 

1+0 

52 

k5 

^7 

20 

1+0 

10 

38 

k5 

h9 

50 

>63 

25 

39 

15 

21+ 

50 

37 

55 

>63 

30 

39 

20 

h3 

55 

1+2 

1500 

1+2 

35 

38 

25 

18 

11+00 

36 

05 

39 

30 

3 

05 

1+2 

10 

37 

May  31  0700 

30 

35 

2 

10 

1+1 

15 

35 

05 

52 

1+0 

3 

15 

1+2 

20 

31 

10 

51+ 

1+5 

12 

20 

1+1 

25 

28 

15 

55 

50 

3 

25 

1+0 

30 

27 

20 

53 

55 

2 

30 

12 

35 

30 

25 

26 

1100 

0 

ko 

3k 

30 

23 

05 

-1 

May  31  1615 

3 

k5 

38 

35 

k9 

10 

-2 

20 

23 

50 

1+2 

1+0 

k6 

15 

5 

25 

56 

55 

k5 

1+5 

61 

20 

16 

30 

>63 

1600 

k9 

50 

56 

25 

11+ 

35 

>63 

05 

51 

55 

1+5 

30 

G 

1+0 

>63 

10 

53 

0800 

G 

35 

G 

k5 

61 

15 

5k 

05 

G 

1+0 

G 

50 

63 

20 

5k 

10 

G 

1+5 

G 

55 

>63 

25 

55 

15 

38 

50 

G 

1700 

56 

30 

53 

20 

3k 

55 

G 

05 

>63 

35 

V7 

25 

32 

1200 

0 

10 

57 

ko 

56 

30 

30 

05 

-1 

15 

13 

k5 

53 

35 

26 

10 

19 

20 

2 

50 

52 

1+0 

17 

15 

51 

55 

1+8 

k5 

21 

20 

21 

Jun  1     1200 

-2 

1700 

42 

50 

21 

25 

12 

05 

8 

05 

kl 

55 

11+ 

30 

1+ 

10 

27 

10 

ko 

0900 

11+ 

35 

1 

15 

2 

15 

39 

05 

15 

1+0 

21+ 

20 

-1+ 

20 

l+l 

10 

9 

1+5 

8 

25 

-1+ 

25 

1+1 

15 

1 

50 

3 

-56- 
Table   3    (Cont'd) 


Date       Time  db     Date        Time       db     Date        Time       db     Date        Time       db 


Jun  1 


Juri  1 


Jun  1 


Jun  1 


Jun  2 


1255 

8  Jun  2 

151+0 

28  Jun  1* 

211*0 

17  Jun  8 

091*5 

17 

1300 

19 

1*5 

33 

1*5 

18 

50 

18 

05 

12 

50 

25 

50 

20 

55 

1* 

10 

-2 

55 

29 

55 

17 

1000 

1 

1600 

31* 

05 

7 

1330 

10 

05 

26  Jun  5 

1715 

11* 

10 

28 

35 

21 

10 

kk 

20 

21 

15 

>63 

1K> 

Hi 

15 

53 

25 

19 

20 

57 

1*5 

8 

20 

53 

30 

19 

25 

55 

50 

5 

35 

0 

30 

55 

55 

0   Jun  3 

1500 

7 

1*0 

-7 

35 

31* 

11*00 

2 

05 

15 

1*0 

1+8 

05 

5 

10 

36  Jun  6 

1100 

2 

1*5 

53 

10 

3 

15 

38 

05 

2 

50 

1*1 

15 

1* 

20 

38 

10 

8 

55 

8 

20 

-2 

25 

52 

15 

2 

30 

53 

20 

-2   Jun  8 

1125 

30 

2050 

25 

35 

52 

25 

11* 

30 

1*3 

^ 

32 

1*0 

38 

30 

1 

35 

52 

2100 

31 

1*5 

52 

35 

0 

1*0 

1*5 

05 

31 

50 

38 

1*0 

33 

1*5 

12 

10 

31* 

55 

22 

1+5 

38 

15 

37 

50 

28  Jun  8 

1720 

1*2 

20 

31  Jun  k 

1920 

2 

55 

15 

25 

60 

25 

28 

25 

-5 

1200 

28 

30 

1*5 

30 

29 

30 

-2 

05 

9 

35 

52 

35 

32 

35 

2 

10 

17 

1*0 

1*3 

1*0 

31 

1*0 

9 

15 

37 

1*5 

1*2 

1*5 

30 

1*5 

11 

20 

38 

50 

51 

50 

-1 

25 

1*1 

55 

51 

2205 

30 

55 

-5 

30 

1*3 

1800 

56 

10 

28 

35 

31* 

05 

53 

15 

29  Jun  1* 

201*5 

11* 

1*0 

38 

10 

56 

50 

22 

1*5 

1*1* 

15 

50 

U55 

5 

55 

21 

50 

1*8 

20 

63 

1500 

28 

2100 

11* 

55 

23 

25 

58 

05 

13 

05 

11* 

30 

60 

10 

16 

10 

17  Jun  7 

161*5 

12 

35 

59 

15 

1* 

15 

16 

50 

10 

1*0 

59 

20 

-3 

20 

17 

55 

23 

1*5 

33 

25 

-1* 

25 

16 

1700 

16 

50 

kk 

30 

15 

30 

11* 

05 

-1 

55 

30 

35 

28 

35 

19 

1900 

55 

■57- 


Table   3    (Cont'd) 


Date 

Time 

db 

Date   Time 

db 

Date   Time 

db 

Date   Time 

db 

Jun  8 

1905 

57 

Jun  11  1825 

43 

Jun  12  1810 

39 

Jun  13  1715 

51 

10 

57 

30 

30 

15 

38 

20 

57 

15 

47 

35 

9 

20 

33 

25 

52 

20 

63 

4o 

9 

25 

27 

30 

51 

25 

59 

45 

12 

30 

18 

35 

52 

30 

51 

50 

10 

35 

22 

40 

55 

35 

22 

55 

8 

40 

31 

45 

54 

14-0 

17 

45 

27 

50 

53 

45 

22 

Jun  12  13^5 
50 

8 
56 

50 

14 

55 

1800 

57 
56 

Jun  8 

2o4o 

25 

55 

46 

Jun  13  1405 

-2 

05 

31 

45 

27 

i4oo 

52 

10 

2 

10 

48 

50 

22 

05 

57 

15 

7 

15 

61 

55 

28 

10 

54 

20 

4 

20 

>63 

2100 

28 

15 

11 

25 

5 

25 

59 

05 

25 

20 

3 

30 

35 

8 
15 

30 
35 

59 
54 

Jun  8 

22^0 

13 

Jun  12  1600 

-7 

40 

13 

40 

51 

45 

18 

05 

15 

45 

3 

45 

53 

50 

33 

10 

34 

50 

56 

55 

28 

15 

38 

Jun  13  1505 

0 

55 

44 

20 

36 

10 

16 

1900 

36 

Jun  8 

2345 

20 

25 

41 

15 

18 

50 

21 

30 

18 

20 

21 

Jun  16  1815 

-5 

55 

19 

35 

18 

25 

49 

20 

4 

Jun  9 

0000 

21 

40 

36 

30 

59 

25 

10 

05 

20 

45 

48 

35 

60 

30 

17 

10 

22 

50 

60 

40 

58 

35 

30 

15 

29 

55 

53 

45 

58 

4o 

58 

20 

31 

1700 

49 

50 

57 

45 

>63 

05 

46 

55 

49 

50 

>63 

Jun  11 

1600 

13 

10 

44 

1600 

53 

55 

>63 

05 

21 

15 

49 

05 

13 

1900 

>63 

10 

7 

20 
25 

52 
50 

10 

2 

05 

10 

63 
60 

Jun  11 

1745 

2 

30 

50 

Jun  13  1635 

33 

15 

50 

50 

17 

35 

55 

4o 

37 

20 

54 

55 

41 

40 

48 

45 

40 

25 

52 

1800 

28 

45 

45 

50 

25 

30 

49 

05 

26 

50 

43 

55 

41 

35 

33 

10 

42 

55 

42 

1700 

43 

4o 

31 

15 

52 

1800 

25 

05 

47 

45 

50 

20 

43 

05 

45 

10 

43 

50 

48 

Table  3    (Cont'd) 


-58- 


Date   Time 

db 

Date   Time 

db 

Date   Time 

db 

Date   Time 

db 

Jun  16  1955 

k9 

Jun  21  1330 

G 

Jun  22  0800 

12 

Jun  2k   O800 

57 

2000 

53 

35 

G 

05 

Ik 

05 

56 

05 

53 

ko 

33 

10 

12 

10 

58 

10 

50 

k5 

^7 

15 

13 

15 

32 

15 

ko 

50 

>63 

20 

23 

20 

61 

20 

38 

55 

>63 

25 

15 

25 

59 

25 

35 

11+00 

63 

30 

kk 

30 

56 

30 

32 

05 

62 

35 

38 

35 

62 

35 

29 

10 

58 

ko 

^3 

1+0 

59 

ko 

21 

15 

60 

k5 

38 

k5 

63 

k5 

22 

20 

58 

50 

37 

50 

58 

50 

19 

25 

61 

55 

39 

55 

55 

55 

16 

30 

59 

0900 

20 

0900 

63 

35 

60 

05 

63 

Jun  19  llf05 

13 

1*0 

61 

Jun  22  1550 

33 

10 

63 

10 

37 

^5 

62 

55 

30 

15 

>63 

15 

^3 

50 

>63 

1600 

kl 

20 

61 

20 

k9 

55 

59 

05 

16 

25 

62 

25 

k3 

1500 

50 

10 

19 

30 

62 

30 

Ik 

05 

kk 

15 

2k 

35 

59 

35 

11 

10 

38 

20 

21 

ko 

63 

15 

33 

25 

2k 

k5 

63 

Jun  20  1600 

-6 

20 

10 

30 

2k 

50 

51 

05 

-6 

25 

10 

35 

21 

55 

50 

10 

2 

30 

7 

1^0 

2k 

1000 

kk 

15 

11 

35 

9 

k<? 

9 

05 

21 

20 

8 

ko 

26 

10 

36 

25 

3 

k5 

3^ 

Jun  23  0115 

31 

15 

25 

50 

26 

20 

38 

20 

15 

Jun  21  1030 

9 

55 

10 

25 

36 

25 

16 

35 

k5 

1600 

ko 

30 

32 

25 

16 

ko 

28 

05 

58 

35 

37 

30 

7 

k5 

16 

10 

61 

ko 

29 

35 

k 

15 

58 

k5 

26 

ko 

2 

Jun  21  12I1.5 

10 

20 

kk 

50 

26 

50 

15 

25 

39 

55 

22 

Jun  2k  l6k5 

3 

55 

31 

30 

35 

50 

2 

1300 

47 

Jun  2k   0730 

17 

55 

26 

05 

38 

Jun  21  1900 

22 

35 

10 

1700 

k9 

10 

k2 

05 

25 

kO 

57 

05 

36 

15 

G 

10 

23 

k5 

5k 

10 

25 

20 

G 

15 

23 

50 

51 

15 

12 

225 

G 

20 

19 

55 

28 

20 

11 

Table   3    (Cont'd) 


-59- 


Date   Time 

db 

Date   Time 

db 

Date   Time 

db 

Date   Time 

db 

Jun  2k   1725 

12 

Jun  26  1925 

50 

Jun  29  1400 

55 

Jun  30  0200 

36 

30 

35 

30 

46 

05 

49 

05 

29 

35 

36 

35 

ko 

10 

43 

10 

33 

4o 

21 

15 

48 

15 

19 

45 

20 

Jun  28  1830 

9 

20 

52 

20 

13 

50 

11 

35 

11 

25 

% 

25 

11 

55 

19 

ko 

Ik 

30 

57 

30 

9 

45 

-8 

35 

61 

35 

9 

Jun  26  1630 

-3 

ko 

52 

40 

20 

35 

0 

Jun  29  1110 

0 

45 

36 

45 

27 

ko 

k 

15 

10 

50 

31 

50 

30 

45 

15 

20 

ik 

55 

27 

55 

27 

50 

17 

25 

15 

1500 

37 

0300 

25 

55 

8 

30 

12 

05 

31 

05 

34 

1700 

2k 

35 

10 

10 

27 

10 

29 

05 

31 

ko 

7 

15 

24 

15 

33 

10 

in 

45 

2 

20 

22 

20 

33 

15 

1*8 

50 

7 

25 

19 

25 

34 

20 

51 

55 

17 

30 

14 

30 

34 

25 

53 

1200 

36 

35 

10 

35 

39 

30 

55 

05 

39 

ko 

5 

40 

40 

35 

55 

10 

37 

45 

5 

45 

36 

40 

57 

15 

31 

50 

4 

50 

36 

45 

57 

20 

30 

55 

1 

55 

37 

50 

60 

25 

23 

o4oo 

38 

55 

58 

30 

17 

Jun  30  0030 

6 

05 

44 

1800 

61 

35 

22 

35 

7 

10 

44 

05 

59 

ho 

22 

40 

8 

15 

40 

10 

62 

k5 

23 

45 

12 

20 

44 

15 

58 

50 

26 

50 

18 

25 

52 

20 

58 

55 

k3 

55 

22 

30 

52 

25 

57 

1300 

39 

0100 

25 

35 

48 

30 

56 

05 

30 

05 

26 

40 

48 

35 

54 

10 

27 

10 

30 

45 

55 

ko 

57 

15 

2k 

15 

41 

50 

52 

45 

58 

20 

22 

20 

41 

55 

49 

50 

56 

25 

20 

25 

43 

0500 

50 

55 

52 

30 

27 

30 

38 

05 

46 

1900 

55 

35 

19 

35 

37 

10 

47 

05 

52 

ko 

21 

40 

41 

15 

49 

10 

47 

45 

k3 

45 

4o 

20 

45 

15 

45 

50 

50 

50 

34 

25 

41 

20 

k6 

55 

52 

55 

34 

30 

39 

Table  3    (Cont'd) 


•60- 


Date   Time 

db  Date   Time 

db 

Date   Time 

db 

Date   Time 

db 

Jun  30  0535 

38   Jul  4  1000 

8 

Jul  6.  1335 

11 

Jul  11  1300 

32 

ifO 

14-0 

05 

54 

40 

2 

05 

38 

45 

32 

10 

27 

45 

3 

10 

45 

50 

31 

15 

46 

50 

-2 

15 

10 

55 

26 

20 

59 

55 

-4 

20 

9 

0600 

24 

25 

45 

25 

8 

05 

29 

30 

59 

Jul  7  1350 

1 

30 

3 

10 

23 

35 

56 

55 

19 

35 

0 

15 

18 

40 

51 

i4oo 

14 

40 

-1 

20 

11 

45 

33 

05 

6 

45 

0 

25 

10 

50 

42 

10 

10 

30 

11 

55 

10 

15 

16 

Jul  l4  0935 

2 

35 

11 

1100 

14 

20 

29 

4o 

4 

4o 

10 

05 

7 

25 

34 

45 

12 

^5 

9 

10 

43 

30 

43 

50 

3 

50 

8 

15 

47 

35 

19 

55 

4 

55 

5 

20 

36 

4o 

17 

1000 

6 

25 

48 

45 

22 

05 

10 

Jul  1  1030 

11 

30 

63 

50 

25 

10 

21 

35 

15 

35 

>63 

55 

21 

15 

31 

4o 

20 

4o 

59 

1500 

13 

20 

23 

45 

28 

45 

62 

05 

11 

25 

23 

50 

37 

50 

44 

30 

11 

55 

51 

55 

19 

Jul  11  1125 

0 

35 

4i 

1100 

53 

30 

7 

40 

27 

05 

58  Ju2 

.  4  1220 

17 

35 

14 

45 

18 

10 

55 

25 

1 

4o 

13 

50 

27 

15 

53 

30 

6 

45 

10 

55 

23 

20 

54 

35 

14 

50 

14 

1100 

36 

25 

48 

4o 

33 

55 

10 

05- 

31 

30 

51 

45 

16 

1200 

38 

10 

44 

35 

51 

50 

1 

05 

52 

15 

kl 

40 

48 

55 

5 

10 

55 

20 

42 

45 

43 

1300 

18 

15 

47 

25 

53 

50 

38 

05 

39 

20 

55 

30 

51 

55 

2? 

10 

28 

25 

54 

35 

33 

1200 

20 

15 

7 

30 

54 

05 

15 

20 

14 

35 

17 

Jul  14  1545 

5 

10 

11 

4o 

15 

50 

39 

15 

12   Jul 

.  6  1320 

2 

45 

13 

55 

5 

20 

6 

25 

-1 

50 

7 

25 

2 

30 

10 

55 

21 

Table   3    (Cont'd) 


■6.1  ■ 


Date   Time 

db 

Date 

Time 

db 

Date   Time 

db 

Date   Time 

db 

Jul  15  0950 

29 

Jul  15 

1325 

22 

Jul  16  1320 

43 

Jul  17  1540 

-5 

55 

31 

30 

40 

25 

43 

45 

-4 

1000 

41 

35 

43 

30 

■27 

50 

12 

05 

kQ 

4o 

26 

35 

12 

55 

27 

10 

49 

45 

7 

40 

8 

1600 

52 

15 

54 

50 

39 

05 

29 

20 

52 

55 

14 

Jul  17  1200 

-5 

10 

35 

25 

56 

1400 

5 

05 

8 

15 

62 

30 

53 

05 

4 

10 

10 

20 

57 

35 

56 

10 

4 

15 

2 

25 

>63 

4o 

54 

15 

7 

30 

54 

^ 

52 

20 

16 

Jul  17  1300 

-5 

35 

62 

50 

1+6 

25 

8 

05 

1 

4o 

57 

55 

56 

30 

16 

10 

2 

^5 

>63 

1100 

44 

35 

17 

15 

4 

50 

57 

05 

42 

40 

5 

20 

5 

55 

50 

10 

4l 

^5 

4 

25 

5 

1700 

>63 

15 

26 

50 

9 

30 

7 

05 

55 

20 

7 

55 

8 

35 

4 

10 

49 

25 

11 

1500 

5 

4o 

6 

15 

49 

30 

10 

05 

-4 

45 

4 

20 

23 

35 

4 

10 

1 

50 

0 

25 

7 

4o 

3 

55 

3 

30 

3 

^5 

4 

Jul  15 

1600 

-1 

i4oo 

3 

35 

10 

50 

5 

05 

-3 

05 

10 

4o 

14 

55 

1 

10 

18 

10 

45 

45 

6 

1200 

10 

15 

13 

15 

46 

50 

26 

05 

52 

20 

24 

20 

19 

55 

33 

10 

28 

25 

4 

25 

19 

1800 

16 

15 

14 

30 

-2 

30 

19 

05 

-4 

20 

33 

35 

16 

10 

-6 

25 

9 

Jul  16 

1200 

17 

4o 

13 

30 

38 

05 

5 

*5 

16 

Jul  18  2020 

13 

35 

10 

10 

2 

50 

17 

25 

10 

4o 

17 

15 

3 

55 

15 

30 

10 

*5 

19 

1500 

17 

35 

16 

50 

12 

Jul  16 

1245 

0 

05 

40 

40 

26 

55 

23 

50 

15 

10 

15 

^5 

29 

1300 

15 

55 

20 

15 

16 

50 

15 

05 

27 

1300 

33 

20' 

16 

10 

18 

05 

42 

25 

29 

Jul  19  0540 

16 

15 

43 

10 

51 

30 

6 

45 

0 

20 

22 

15 

51 

35 

-1 

50 

3 

Table   3    (Cont'd) 


-62- 


Date   Time 

db 

Date   Time 

db 

Date   Time 

db 

Date   Time 

db 

Jul  19  0555 

5 

Jul  19  0930 

27 

Jul  20  1545 

5^ 

Jul  21  1035 

50 

0600 

9 

35 

32 

50 

55 

40 

25 

05 

18 

4o 

4o 

55 

•61 

^5 

31 

10 

10 

45 

46 

1600 

>63 

50 

^7 

15 

5 

50 

36 

05 

>63 

55 

50 

20 

22 

55 

^3 

10 

58 

1100 

52 

25 

22 

1000 

3^ 

15 

47 

05 

58 

30 

27 

05 

16 

20 

38 

10 

32 

35 

21 

10 

10 

25 

33 

15 

3^ 

4o 

29 

15 

11 

30 

28 

20 

5^ 

^ 

^5 

20 

4 

35 

25 

25 

36 

50 

38 

25 

-3 

4o 

24 

30 

28 

55 

4o 

30 

3 

^5 

37 

35 

22 

0700 

46 

35 

15 

50 

31 

4o 

^3 

05 

3^ 

4o 

31 

55 

5 

^5 

^9 

10 

^5 

^5 

41 

1700 

24 

50 

h9 

15 

v> 

50 

4 

05 

16 

55 

53 

20 

49 

55 

4l 

10 

7 

1200 

48 

25 

5^ 

1100 

42 

15 

-4 

05 

52 

30 

55 

05 

42 

20 

5 

10 

42 

35 

55 

10 

M 

25 

14 

15 

4l 

40 

5^ 

15 

^7 

30 

14 

20 

28 

^5 

57 

20 

h9 

35 

12 

25 

24 

50 

60 

25 

50 

4o 

8 

30 

27 

55 

57 

30 

51 

^5 

7 

35 

23 

0800 

5^ 

35 

51 

50 

10 

4o 

13 

05 

48 

4o 

56 

55 

9 

^5 

14 

10 

^5 

^5 

52 

1800 

7 

50 

15 

15 

53 

50 

38 

05 

5 

55 

16 

20 

59 

55 

32 

10 

4 

1300 

11 

25 

>63 

1200 

39 

15 

0 

05 

3 

30 

*3 

05 

15 

20 

-6 

10 

5 

35 

47 

10 

8 

25 

-5 

15 

25 

40 

60 

15 

-1 

30 

-2 

20 

46 

^5 

61 

35 

-3 

25 

52 

50 

61 

Jul  20  1505 

-4 

4o 

0 

30 

41 

55 

42 

10 

18 

^ 

10 

35 

42 

0900 

29 

15 

32 

50 

9 

40 

23 

05 

23 

20 

39 

55 

6 

*9 

15 

10 

21 

25 

44 

50 

9 

15 

13 

30 

47 

Jul  21  1020 

6 

55 

8 

20 

13 

35 

46 

25 

31 

i4oo 

9 

25 

23 

4o 

5^ 

30 

50 

05 

10 

Table  3    (Cont'd) 


-63- 


Date   Time 

db 

Date   Time 

db 

Date   Time 

db 

Date   Time 

db 

Jul  21  llHO 

11 

Jul  24  0920 

0 

Jul  25  0910 

63 

Jul  25  2000 

26 

15 

13 

25 

0 

15 

63 

20 

12 

30 

8 

20 

63 

Jul  26  0055 

11 

25 

38 

35 

44 

25 

63 

0100 

20 

30 

33 

4o 

37 

30 

>63 

05 

23 

35 

28 

45 

17 

35 

>63 

10 

22 

40 

6 

50 

19 

4o 

>63 

15 

15 

45 

0 

55 

2 

45 

>63 

50 

-1 

1000 

0 

50 

>63 

Jul  26  0425 

3 

55 

0 

05 

-2 

55 

>63 

30 

6 

1500 

-3 

10 

-5 

1000 

>63 

35 

8 

05 

-6 

05 

>63 

4o 

9 

10 

-5 

Jul  24  I63O 

32 

10 

>63 

45 

39 

15 

0 

35 

56 

15 

>63 

50 

35 

20 

-5 

4o 

63 

20 

>63 

55 

30 

25 

-5 

45 

63 

25 

>63 

0500 

kQ 

30 

-6 

50 

61 

30 

>63 

05 

kk 

55 

43 

35 

>63 

10 

51 

Jul  22  1635 

11 

1700 

38 

4o 

>63 

15 

50 

4o 

14 

05 

4o 

45 

>63 

20 

50 

^ 

26 

10 

36 

50 

>63 

25 

48 

50 

21 

15 

50 

55 

>63 

30 

46 

55 

15 

20 

23 

1100 

63 

35 

44 

1700 

38 

25 

15 

05 

60 

4o 

42 

05 

21 

30 

3 

10 

61 

^5 

4o 

10 

16 

15 

60 

50 

39 

15 

9 

Jul  25  0745 

12 

20 

32 

55 

29 

20 

5 

50 

18 

25 

23 

0600 

27 

55 

29 

05 

20 

Jul  22  1905 

-3 

0800 

42 

Jul  25  1450 

11 

10 

11 

10 

21 

05 

58 

55 

9 

15 

31 

10 

54 

1500 

36 

Jul  26  1335 

-3 

20 

44 

15 

39 

05 

8 

40 

3 

25 

44 

20 

42 

^5 

4 

30 

38 

25 

k6 

Jul  25  1915 

9 

50 

9 

35 

24 

30 

54 

20 

7 

55 

11 

4o 

27 

35 

56 

25 

7 

i4oo 

10 

^5 

29 

4o 

61 

30 

8 

05 

9 

50 

20 

*5 

61 

35 

7 

10 

11 

55 

17 

50 

61 

4o- 

13 

15 

8 

2000 

7 

55 

61 

45 

28 

20 

3 

05 

5 

0900 

63 

50 

35 

25 

-3 

10 

-1 

05 

63 

55 

27 

Table  3    (Cont'd) 


■64- 


Date   Time 

db 

Date 

Time 

db  Date 

Time 

db  Date 

Time 

db 

Jul  27  0110 

21 

Aug  1 

1530 

14  Aug  4 

0920 

25  Aug  4 

2025 

11 

15 

33 

35 

24 

25 

33 

30 

12 

20 

38 

4o 

1 

30 

48 

35 

10 

25 

40 

35 

23 

40 

14 

30 

4o 

Aug  2 

0025 

27 

4o 

17 

45 

20 

35 

3^ 

30 

29 

*5 

5^ 

50 

20 

40 

25 

35 

35 

50 

60 

55 

26 

45 

17 

55 

52 

2100 

25 

Aug  2 

0110 

24 

1100 

53 

05 

21 

Jul  30  1700 

57 

15 

34 

05 

55 

10 

7 

05 

60 

20 

38 

10 

57 

15 

-2 

10 

27 

25 

35 

15 

53 

20 

-4 

15 

12 

30 

4o 

20 

46 

25 

2 

20 

40 

35 

44 

25 

47 

30 

-6 

25 

18 

40 

44 

30 

47 

35 

2 

45 

44 

35 

50 

4o 

4 

Jul  31  1610 

2 

50 

46 

4o 

^7 

^5 

2 

15 

4 

55 

39 

45 

52 

50 

-3 

20 

14 

0200 

47 

50 

47 

55 

-6 

25 

11 

05 

44 

55 

k6 

30 

4o 

10 

47 

1200 

5^  Aug  5 

0650 

8 

35 

37 

15 

48 

05 

54 

55 

37 

40 

33 

20 

ka 

10 

55 

0700 

-4 

45 

20 

25 

48 

15 

57 

05 

-7 

50 

13 

30 

43 

20 

58 

10 

V 
1 

55 

1 

35 

43 

25 

58 

15 

-3 

4o 

43 

30 

57 

20 

-6 

Jul  31  2015 

15 

^5 

33 

35 

54 

25 

2 

20 

20 

50 

31 

4o 

55 

30 

17 

25 

47 

55 

34 

^5 

45 

35 

34 

30 

50 

50 

46 

4o 

36 

35 

53 

Aug  4 

0900 

13 

55 

55 

*5 

3^ 

4o 

55 

05 

3^ 

1300 

51 

50 

31 

^ 

h9 

10 

35 

05 

h9 

55 

24 

50 

hi 

15 

26 

10 

53 

0800 

24 

55 

29 

20 

28 

15 

57 

05 

13 

2100 

43 

25 

20 

20 

59 

10 

1 

05 

38 

25 

58 

15 

-5 

10 

32 

Aug  4 

0950 

7 

30 

63 

20 

-1 

15 

23 

55 

47 

35 

59 

25 

29 

20 

20 

1000 

51 

4o 

33 

30 

26 

25 

20 

05 

57 

45 

6 

35 

19 

30 

12 

10 

38 

50 

4 

4o 

-3 

35 

16 

15 

35 

55 

-1 

^5 

-3 

-65- 
Table  3    (Cont'd) 


Date   Time 

db 

Date 

Time 

db  Date 

Time 

db  Date 

Time 

db 

Aug  5  0850 

-9 

Aug  6 

1230 

-1  Aug  7 

0740 

11  Aug  9 

0930 

19 

55 

-6 

35 

6 

45 

7 

35 

6 

0900 

26 

4o 

13 

50 

6 

40 

-6 

05 

30 

45 

21 

55 

4 

10 

35 

50 

22 

0800 

5  Aug  9 

1135 

-4 

15 

23 

55 

18 

05 

4 

4o 

3 

20 

31 

1300 

22 

10 

6 

45 

19 

25 

37 

05 

20 

15 

13 

50 

19 

30 

15 

10 

14 

20 

22 

55 

-7 

35 

5^ 

15 

9 

25 

19 

4o 

38 

20 

42 

30 

23  Aug  9 

1310 

10 

45 

^•7 

25 

45 

35 

22 

15 

19 

50 

29 

30 

16 

4o 

15 

20 

48 

55 

4l 

45 

11 

25 

38 

1000 

49 

Aug  6 

1525 

-1 

50 

12 

30 

28 

05 

52 

30 

20 

55 

14 

35 

44 

10 

52 

35 

36 

0900 

13 

4o 

3^ 

15 

56 

05 

13 

45 

36 

20 

57 

Aug  6 

1600 

19 

10 

6 

50 

21 

25 

56 

05 

43 

15 

3 

55 

21 

30 

54 

10 

1 

20 

-1 

i4oo 

19 

35 

55 

25 

-5 

05 

39 

40 

57 

Aug  6 

1645 

8 

10 

43 

^5 

60 

50 

11  Aug  8 

1255 

7 

15 

48 

50 

57 

55 

-10 

1300 

52 

20 

46 

55 

52 

05 

57 

25 

48 

1100 

52 

Aug  7 

0620 

-4 

10 

47 

30 

44 

05 

40 

25 

0 

15 

58 

35 

52 

10 

49 

30 

-1 

20 

57 

4o 

50 

15 

11 

35 

0 

25 

60 

45 

51 

20 

-6 

4o 

2 

30 

38 

50 

63 

25 

1 

45 

13 

35 

34 

55 

54 

30 

15 

50 

17 

40 

16 

1500 

53 

35 

19 

55 

24 

45 

14 

05 

59 

4o 

23 

0700 

24 

50 

7 

10 

45 

^5 

10 

05 

20 

55 

4 

15 

53 

50 

23 

10 

13 

20 

57 

55 

30 

15 

11  Aug  9 

0835 

2 

25 

57 

1200 

33 

20 

14 

4o 

22 

30 

60 

05 

18 

25 

15 

45- 

i8 

35 

59 

10 

-11 

30 

13 

50 

-2 

4o 

>63 

15 

12 

35 

11 

45 

60 

Table  3   (Cont'd) 
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Date   Time 

db 

Date   Time 

db 

Date   Time 

db 

Date   Time 

db 

Aug  9  1550 

60 

Aug  10  1515 

-k 

Aug  11  1500 

2 

Aug  12  1855 

20 

55 

52 

20 

-2 

05 

k 

1900 

30 

1600 

60 

25 

39 

10 

1 

05 

27 

05 

58 

30 

5 

15 

36 

10 

23 

10 

50 

35 

3 

20 

19 

15 

19 

15 

52 

i^O 

-1 

25 

63 

20 

52 

^5 

2 

30 

56 

Aug  13  2000 

9 

25 

50 

50 

^7 

35 

10 

05 

19 

30 

^7 

55 

33 

ko 

29 

10 

37 

35 

38 

1600 

23 

U5 

52 

15 

39 

ko 

^3 

05 

22 

50 

56 

20 

30 

^5 

^0 

10 

20 

55 

53 

25 

3^ 

50 

in 

15 

18 

1600 

50 

30 

31 

55 

^5 

20 

kz 

05 

^3 

35 

3^ 

1700 

^7 

25 

ko 

10 

39 

ko 

20 

05 

k9 

30 

33 

15 

38 

k5 

22 

10 

50 

35 

Ik 

20 

37 

50 

16 

15 

56 

ko 

26 

25 

38 

20 

62 

k5 

*T 

30 

27 

Aug  Ik   1000 

0 

25 

>63 

50 

51 

35 

27 

05 

^ 

30 

>63 

55 

50 

ko 

16 

10 

31 

35 

>63 

1700 

50 

k5 

29 

15 

k5 

ko 

>63 

05 

ko 

50 

kS 

20 

59 

^5 

>63 

10 

32 

55 

57 

25 

63 

50 

>63 

15 

33 

1700 

56 

30 

58 

55 

>63 

20 

12 

05 

51 

35 

56 

1800 

59 

25 

37 

10 

52 

ko 

52 

05 

56 

30 

29 

15 

33 

k5 

kz 

10 

58 

35 

k6 

20 

k9 

50 

19 

15 

52 

ko 

k5 

25 

25 

55 

37 

20 

53 

k$ 

29 

30 

50 

1100 

38 

25 

53 

50 

12 

35 

51 

05 

53 

30 

56 

55 

7 

ko 

53 

10 

52 

35 

57 

1800 

3 

^5 

39 

15 

60 

ii-0 

58 

05 

0 

50 

29 

20 

59 

^5 

57 

10 

-2 

55 

32 

25 

56 

50 

55 

15 

k 

1800 

26 

30 

5^ 

55 

58 

20 

5 

05 

16 

35 

kz 

1900 

k6 

25 

6 

10 

16 

ko 

kl 

05 

60 

30 

-1 

^5 

k9 

10 

1* 

35 

-4 

Aug  12  1830 

9 

50 

k! 

15 

^5 

ko 

-1 

35 

12 

55 

kz 

20 

37 

k5 

7 

ko 

21 

1200 

37 

25 

28 

50 

0 

^5 

18 

05 

31 

30 

2k 

55 

-1 

50 

28 

10 

19 

Table   3    (Cont'd) 
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Date   Time 

db 

Date   Time 

db 

Date 

Time 

db 

Date   Time 

db 

Aug  Ik   1215 

7 

Aug  Ik   1900 

56 

Aug  15 

1805 

k 

Aug  16  0900 

53 

05 

58 

10 

8 

05 

k6 

Aug  lU  1250 

0 

10 

59 

15 

Ik 

10 

k6 

55 

3 

15 

57 

20 

9 

15 

kQ 

1300 

5 

20 

56 

25 

23 

20 

^T 

05 

k 

25 

56 

30 

Ik 

25 

53 

10 

-2 

30 

52 

35 

10 

30 

57 

35 

k3 

ko 

3 

35 

1*9 

Aug  Ik   1600 

11 

ko 

k7 

^5 

0 

ko 

^3 

05 

8 

k5 

k6 

50 

12 

k<? 

21 

10 

1 

50 

50 

55 

-k 

50 

38 

15 

-5 

55 

kQ 

55 

Ik 

20 

-8 

2000 

k3 

Aug  16 

0620 

-3 

1000 

17 

25 

-6 

05 

kl 

25 

29 

05 

30 

30 

11 

10 

k2 

30 

56 

10 

7 

35 

19 

15 

51 

35 

53 

15 

1 

ko 

12 

20 

kS 

ko 

^3 

20 

0 

k5 

Ik 

25 

51 

^5 

kz 

25 

0 

50 

25 

30 

k& 

50 

kk 

55 

>63 

35 

k2 

55 

38 

Aug  16  1515 

17 

1700 

57 

ko 

ko 

0700 

27 

20 

15 

05 

>63 

^5 

26 

05 

39 

25 

-12 

10 

61 

50 

27 

10 

k7 

15 

61 

55 

33 

15 

39 

Aug  17  1900 

-2 

20 

>63 

2100 

32 

20 

39 

05 

12 

25 

>63 

05 

36 

25 

kz 

10 

20 

30 

63 

10 

^0 

30 

38 

15 

-7 

35 

60 

15 

37 

35 

17 

ko 

>63 

20 

39 

i^O 

36 

Aug  20  1^55 

k 

k5 

63 

25 

^3 

^5 

kQ 

1500 

29 

50 

62 

30 

36 

50 

k9 

05 

35 

55 

63 

35 

25 

55 

38 

10 

36 

1800 

63 

ko 

28 

0800 

k6 

15 

31 

05 

62 

U5 

20 

05 

kz 

20 

38 

10 

>63 

50 

27 

10 

k5 

25 

kz 

15 

>63 

55 

32 

15 

k9 

30 

60 

20 

61 

2200 

25 

20 

kz 

35 

53 

25 

>63 

05 

31 

25 

51 

ko 

56 

30 

63 

10 

k6 

30 

ko 

^5 

58 

35 

>63 

15 

25 

35' 

kl 

50 

59 

^0 

62 

20 

16 

ko 

k<? 

55 

61 

k$ 

62 

25 

15 

k<? 

k9 

1600 

>63 

50 

61 

50 

50 

05 

61 

55 

ko 

Aug  15  1800 

-10 

55 

kk 

10 

60 

-68- 
Table   3    (Cont'd) 


Date   Time 

db 

Date   Time 

db 

Date   Time 

db 

Date   Time 

db 

Aug  20  1615 

56 

Aug  21  1800 

31 

Aug  23  1915 

-5 

Aug  25  1705 

11 

20 

57 

05 

kl 

20 

k 

10 

10 

25 

55 

10 

ko 

25 

-1 

15 

15 

30 

55 

15 

16 

30 

0 

20 

17 

35 

57 

20 

-7 

35 

10 

25 

16 

ko 

52 

25 

-8 

ko 

7 

30 

13 

k$ 

57 

30 

-8 

^5 

9 

35 

111. 

50 

53 

35 

10 

50 

17 

ko 

31 

55 

55 

ko 

23 

55 

Ik 

^5 

19 

1700 

50 

k5 

kl 

2000 

13 

50 

21 

05 

53 

50 

26 

05 

23 

55 

20 

10 

51 

55 

31 

10 

21 

1800 

2i| 

15 

k9 

1900 

3^ 

15 

30 

05 

32 

20 

k5 

05 

36 

20 

21 

10 

35 

25 

39 

10 

37 

25 

17 

15 

in 

30 

31 

15 

111 

30 

2k 

20 

35 

35 

2k 

20 

ko 

35 

22 

25 

31 

lj-0 

21 

25 

ki 

ko 

ko 

30 

2k 

k5 

18 

30 

39 

k5 

38 

35 

3k 

50 

16 

35 

ko 

50 

38 

ko 

27 

55 

17 

ko 

39 

55 

36 

k<? 

2k 

^5 

kk 

2100 

19 

50 

15 

Aug  21  0820 

19 

50 

^5 

05 

29 

55 

19 

25 

16 

55 

^5 

10 

25 

30 

^7 

2000 

50 

15 

28 

Aug  26  1710 

9 

35 

^5 

05 

kl 

20 

29 

15 

10 

ko 

39 

10 

kQ 

25 

28 

20 

31 

k5 

3 

15 

51 

30 

3^ 

20 

k6 

35 

27 

Aug  28  0935 

-7 

Aug  21  09^0 

2 

25 

k9 

ko 

21 

ko 

3 

^ 

13 

30 

kl 

k5 

18 

50 

0 

35 

k5 

Aug  25  15^5 

39 

50 

31 

55 

-8 

ko 

kl 

50 

35 

55 

18 

k<? 

36 

55 

16 

1000 

30 

Aug  21  1705 

-k 

50 

25 

1600 

17 

05 

10 

10 

22 

55 

26 

05 

-2 

10 

Ik 

15 

21 

15 

19 

20 

25 

Aug  23  1835 

-16 

Aug  25  1625 

8 

20 

25 

25 

28 

ko 

12 

30 

30 

25 

23 

30 

26 

k5 

32 

35 

30 

30 

k5 

35 

22 

50 

36 

1+0 

28 

35 

2k 

ko 

17 

55 

13 

k<? 

15 

ko 

27 

k5 

36 

1900 

30 

50 

Ik 

k5 

10 

50 

16 

05 

12 

55 

12 

50 

ko 

55 

37 

10 

15 

1700 

10 

55 

51 

Table  3    (Cont'd) 
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Date   Time 

db 

Date   Time 

db 

Date   Time 

db  Date 

Time 

db 

Aug  28  1100 

51 

Aug  29  1100 

28 

Aug  30  1240 

11  Sep  1 

0700 

36 

05 

hi 

05 

^3 

45 

30 

05 

52 

10 

60 

10 

48 

50 

3 

10 

54 

15 

61 

15 

51 

55 

-4 

15 

55 

20 

61 

20 

47 

1300 

-5 

20 

62 

25 

62 

25 

39 

05 

4 

25 

60 

30 

62 

30 

32 

10 

7 

30 

59 

35 

59 

35 

20 

15 

2 

35 

58 

4o 

^9 

4o 

2 

20 

-9 

40 

58 

45 

20 

^ 

-5 

25 

-4 

45 

54 

50 

12 

50 

-7 

30 

-2 

50 

58 

55 

10 

55 

53 

1200 

6 

Aug  30  0845 

5 

Aug  31  0605 

4 

0800 

56 

05 

5 

50 

3 

10 

11 

05 

59 

10 

5 

55 

-3 

15 

50 

10 

58 

15 

2 

0900 

-1 

20 

53 

15 

54 

20 

1 

05 

-3 

25 

53 

20 

58 

25 

-4 

10 

27 

30 

52 

25 

53 

15 

8 

35 

^7 

30 

55 

Aug  28  1910 

-5 

20 

16 

40 

48 

35 

59 

15 

30 

25 

18 

45 

46 

4o 

54 

20 

28 

30 

9 

50 

42 

45 

57 

25 

19 

35 

15 

55 

46 

50 

48 

30 

9 

ko 

4 

0700 

52 

55 

^3 

35 

-6 

45 

13 

05 

51 

0900 

50 

40 

-5 

50 

33 

10 

50 

05 

41 

45 

-1 

55 

29 

15 

49 

10 

^5 

50 

12 

1000 

14 

20 

36 

15 

44 

55 

21 

05 

7 

25 

33 

20 

43 

2000 

-7 

30 

4l 

25 

37 

Aug  30  1055 

-4 

35 

39 

30 

42 

Aug  29  1000 

-6 

1100 

21 

4o 

3^ 

35 

^3 

05 

-2 

05 

9 

45 

39 

4o 

4i 

10 

8 

10 

2 

50 

4i 

45 

h3 

15 

25 

15 

-7 

55 

33 

50 

ko 

20 

23 

20 

-3 

0800 

29 

55 

22 

25 

23 

25 

13 

05 

28 

1000 

4o 

30 

27 

30 

53 

05 

38 

35 

29 

35 

57 

Aug  31  1015 

34 

10 

32 

4o 

20 

ko 

18 

20 

'  38 

45 

4 

45 

28 

25 

39  Sep  3 

1245 

19 

50 

4 

50 

16 

30 

38 

50 

24 

55 

11 

55 

-6 

55 

23 

-70- 


Table  3  (Cont'd) 


Date   Time    db  Date   Time   db  Date   Time   db  Date   Time   db 


Sep  3  1300 

19 

Sep 

7 

1445 

8 

Sep  23  1615 

26 

05 

16 

50 

3 

20 

30 

10 

8 

55 

5 

25 
30 

31 

24 

Sep  6  ll40 

14 

Sep 

11 

2035 

15 

35 

12 

45 

18 

4o 

4 

4o 

10 

50 

17 

^5 

22 

45 

3 

55 

3 

50 

17 

50 

-7 

1200 

0 

55 

14 

55 

-6 

05 

13 

2100 

1 

Sep  24  1755 

3 

Sep  7  1205 

0 

Sep  3  ::  i.-  ;s 

-8 

1800 

7 

10 

49 

4o 

0 

05 

8 

15 

13 

45 

13 

10 

58 

20 

3 

50 

23 

15 

54 

25 

31 

55 

9 

20 

38 

30 

48 

1900 

-6 

25 

-6 

35 

58 

30 

-9 

4o 

51 

Sep 

20 

0100 

-3 

35 

-7 

45 

55 

05 

3 

4o 

0 

50 

10 

10 

2 

45 

36 

55 

4 

15 

6 

50 

50 

1300 

16 

20 

12 

55 

45 

05 

12 

25 

13 

10 

15 

30 

14 

Sep  25  1235 

-10 

15 

58 

35 

15 

40 

15 

20 

62 

45 

10 

25 

46 

Sep 

22 

1800 

30 

30 

15 

05 

30 

35 

16 

10 

4l 

4o 

35 

15 

47 

45 

47 

20 

50 

50 

47 

25 

hi 

55 

31 

30 

34 

1400 

25 

35 

24 

05 

-4 

4o 

22 

10 

7 

45 

17 

15 

46 

50 

26 

20 

44 

55 

32 

25 

45 

30 

49 

Sep  23 

1600 

-2 

35 

20 

05 

1 

4o 

16 

10 

0 
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m 

cm 


r— 
in 
ON 


CD 

•8 

-p 
o 
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■p 

CO 

-p 

! 
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H 
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I  .S.  DEPARTMENT  OF  COMMERCE 

Frederick  H.  Mueller,  Secretary 

NATIONAL  BUREAU  OF  STANDARDS 

A.  V.  Aslin,  Director 

THE  NATIONAL  BUREAU  OF  STANDARDS 

The  scope  of  activities  of  the  National  Bureau  of  Standards  at  its  major  laboratories  in  Washington,  D.C.,  and 
Boulder,  Colorado,  is  suggested  in  the  following  listing  of  the  divisions  and  sections  engaged  in  technical  work. 
In  general,  each  section  carries  out  specialized  research,  development,  and  engineering  in  the  field  indicated  by 
its  title.  A  brief  description  of  the  activities,  and  of  the  resultant  publications,  appears  on  the  inside  of  the  front 
cover. 

WASHINGTON,  D.C. 

Electricity  and  Electronics.  Resistance  and  Reactance.  Electron  Devices.  Electrical  Instruments.  Mag- 
netic Measurements.     Dielectrics.     Engineering  Electronics.     Electronic  Instrumentation.     Electrochemistry. 

Optics  and  -Metrology.  Photometry  and  Colorimetry.  Photographic  Technology.  Length.  Engineering 
Metrology. 

Heat.  Temperature  Physics.  Thermodynamics.  Cryogenic.  Physics.  Rheology.  Molecular  Kinetics.  Free 
Radicals  Research. 

Atomic  and  Radiation  Physics.  Spectroscopy.  Radiometry.  Mass  Spectrometry.  Solid  State  Physics. 
Electron  Physics.  Atomic  Physics.  Neutron  Physics.  Radiation  Theory.  Radioactivity.  X-rays.  High 
Energy  Radiation.     Nucleonic  Instrumentation.     Radiological  Equipment. 

Chemistry.  Organic  Coatings.  Surface  Chemistry.  Organic  Chemistry.  Analytical  Chemistry.  Inorganic 
Chemistry.  Electrodeposition.  Molecular  Structure  and  Properties  of  Gases.  Physical  Chemistry.  Thermo- 
chemistry.    Spectrochemistry.     Pure  Substances. 

Mechanics.  Sound.  Mechanical  Instruments.  Fluid  Mechanics.  Engineering  Mechanics.  Mass  and  Scale. 
Capacity,  Density,  and  Fluid  Meters.     Combustion  Controls. 

Organic  and  Fibrous  Materials.  Rubber.  Textiles.  Paper.  Leather.  Testing  and  Specifications.  Poly- 
mer Structure.     Plastics.     Dental  Research. 

Metallurgy.  Thermal  Metallurgy.  Chemical  Metallurgy.  Mechanical  Metallurgy.  Corrosion.  Metal 
Physics. 

Mineral  Products.  Engineering  Ceramics.  Glass.  Refractories.  Enameled  Metals.  Constitution  and  M.i- 
crostructure. 

Building  Technology.  Structural  Engineering.  Fire  Protection.  Air  Conditioning,  Heating,  and  Refrigera- 
tion.    Floor,  Roof,  and  Wall  Coverings.     Codes  and  Safety  Standards.     Heat  Transfer.     Concreting  Materials. 

Applied  Mathematics.     Numerical  Analysis.     Computation.     Statistical  Engineering.     Mathematical  Physics. 

Data  Processing  Systems.  SEAC  Engineering  Group.  Components  and  Techniques.  Digital  Circuitry. 
Digital  Systems.     Analog  Systems.     Application  Engineering. 

•  Office  of  Basic  Instrumentation.  •  Office  of  Weights  and  Measures. 

BOULDER,  COLORADO 

Cryogenic  Engineering.  Cryogenic  Equipment.  Cryogenic  Processes.  Properties  of  Materials.  Gas  Lique- 
faction. 

Radio  Propagation  Physics.  Upper  Atmosphere  Research.  Ionospheric  Research.  Regular  Propagation 
Services.  Sun-Earth  Relationships.  VI1F  Research.  Radio  Warning  Services.  Airglow  and  Aurora.  Radio 
Astronomy  and  Arctic  Propagation. 

Radio  Propagation  Engineering.  Data  Reduction  Instrumentation.  Modulation  Research.  Radio  Noise. 
Tropospheric  Measurements.  Tropospheric  Anal)  sis.  Propagation  Obstacles  Engineering.  Radio-Meteor- 
ology.    Lower  Atmosphere  Physics. 

Radio  Standards.  High  Frequency  Electrical  Standards.  Radio  Broadcast  Service.  High  Frequency  Im- 
pedance Standards.     Electronic  Calibration  Center.     Microwave  Physics.     Microwave  Circuit  Standards. 

Radio  Communication  and  Systems.  Low  Frequency  and  Very  Low  Frequency  Research.  High  Fre- 
quency and  Very  High  Frequency  Research.  Ultra  High  Frequency  and  Super  High  Frequency  Research.  Modula- 
tion Research.     Antenna  Research.     Navigation  Systems.     Systems  Analysis.     Field  Operations. 


